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CHAPTER I 
Introduction 

ELECTRIC energy is now so universally adopted 
for lighting, heating, transmission of power 
and other purposes, that insulated wires or cables 
(as they are often called) for conveying the current 
are now fixed in most buildings of any importance. 
The conditions under which these conductors have 
to perform their part of carrying the current vary 
within very wide limits, and it is the object of this 
treatise to describe the various means of fixing the 
wires to suit the different conditions under which 
the current is likely to be employed. The science 
of fitting up a suitable system of conductors, or 
" wiring," as it is termed, is not at the present 
time an exact science, but is rapidly becoming so. 
Among engineers there are several rival methods of 
wiring in use, and many discussions have taken 
place in technical journals, and at the meetings of 
engineering societies, on the subject of the relative 
advantages of concentric wiring, wood casing, and 
systems of iron and other tubing. Each system 
has merits for special purposes. Generally speaking 
no one system can be said to be universally better 
than another, provided always that due care is 
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taken in fixing the conductors. It has been said 
with truth that it is better to have an installation 
consisting of inferior cables and materials, well and 
carefully fixed, than one in which, although better 
materials are used, sufficient care has not been exer- 
cised in fixing and jointing. 

By far the greater number of wiring installations 
are carried out in. buildings in which the current is 
taken from central stations, so, unless mention is 
made to the contrary, it is assumed in this book 
that the current is obtained in this manner, and 
that it is direct, and not alternating in character. 

It is impossible to give a description of the nature 
of electricity in a treatise on wiring. Those who 
wish to understand how it is that the so-called Unes 
of force in the ether can give rise to electric currents 
when cut by conductors should consult Dr. OUver 
Lodges' Modern Views of Electricity. In this book 
the production of electric currents is explained by 
mechanical analogies, and the reader is enabled to 
get some inkhng of the real nature of electricity. 
Roughly speaking, it may be stated that a dynamo 
produces current because its magnets set up strains 
in the ether and the conductors on the armature 
have the power of absorbing these strains and of 
thus producing so-called electric currents ; it is 
only, however, by the expenditure of mechanical 
energy in moving the conductors of the armature 
that these strains in the ether can be absorbed, so 
that a dynamo may be considered merely as a 
machine for converting mechanical into electrical 
energy. 

2 
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During the last few decades the science of elec- 
tricity has advanced in a remarkable manner, and 
an international system of units of measurements 
has been developed based on what is known as the 
French C.G.S. system — that is, the centimeter; 
gramme and second system. This system will now 
be shortly described. 

The centimeter is the equivalent to -3937 of an 
inch, and is approximately the length of a quadrant 
of the earth divided by 1,000,000,000. 

A gramme is the mass of a cubic centimeter of 
water at 4° cent. One thousand grammes (called a 
kilogramme) is about 2*2 pounds in weight. 

The second is the same as the English second. 

The fundamental unit of force, called the dyne, is 

defined as that capable of imparting a motion of 

one centimeter per second to a mass of one gramme. 

The force of gravity compels bodies in vacuo to fall 

32-2 feet in the first second from rest ; it therefore 

exercises in C.G.S. units a force of 

32-2x12 _, ^ 
-^3^3^::. 981 dynes. 

Similarly the fundamental unit of work, called 
the erg, is the amount of work done in moving a 
body through a length of one centimeter against a 
force of one dyne. 

A unit magnet pole is such that if placed at a 
distance of one centimeter from another similar 
pole it will repel it with a force of one dyne ; a unit 
magnetic pole is thus said to produce one " line of 
force." 

Now, since electromotive force is produced by a 
3 



INTERNAL WIRING OF BUILDINGS 

conductor cutting lines of force, the fundamen- 
^ tal unit of electromotive force is that produced 
by a conductor cutting one line of force per 
second. 

The fundamental unit of current is such that if 
one centimeter length of the conductor conveying 
it is bent into an arc having a radius of one centi- 
meter, it will act on a unit magnetic pole placed at 
radius distance with a force of one dyne. 

The fundamental unit of resistance is that of a 
conductor of such dimensions that with unit electro- 
motive force at its ends it allows unit current to 
pass through its substance. 

The fundamental units of electromotive force and 
resistance as given above are far too small to be of 
any practical value ; therefore the practical unit of 
electromotive force, called the " volt," is the funda- 
mental unit multiplied by 10*, and the practical unit 
of resistance, called the " Ohm," is the fundamental 
unit multipUed by 10^. 

The practical unit of current on the other hand is 
l/IO of the fundamental unit, and is called the 
" ampere." 

The " Watt " is the unit rate at which electrical 
energy is produced, and is the product of the pres- 
sure and the quantity of the current. 

The well-known Ohm's law states that the cur- 
rent in a conductor is directly proportional to the 
electromotive force (or volts) producing that cur- 
rent, and inversely proportional to the resistance 
of the conductor. Thus, calling the electromotive 
force or volts E, the current (7, and the resistance E, 

4 
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E 
Ohm's law states that^^ = C ; whence CB:=^E, and 

also EC =z C'B, 

On these simple formulae are based nearly all 
the calculations used in "wiring"; and if once 
thoroughly grasped, the calculations become quite 
simple. 

A kilowdtt is one thousand watts, and one kilo- 
watt produced for one hour is known as a Board 
of Trade unit among central station engineers. 

A megohm is one million ohms. 

The above terms will be frequently employed, and 
should more exact information be required about 
them, any elementary text-book on electricity will 
furnish it ; but in order to give the reader some 
general ideas of their values, it may be of interest 
to mention that the rate of working known as a 
horse-power, and estimated by Watt as being equiva- 
lent to a weight of 33,000 pounds being raised at the 
rate of one foot in a minute, is represented electri- 
cally by 746 watts, or very nearly three-quarters of 
a kilowatt. Again, an ordinary 16 candle-power in- 
candescent lamp absorbs electric energy at the rate 
of 60 watts ; hence, as 1,000 watts for an hour con- 
stitutes a "unit," it follows that ^^^ = 16 lamps, 
each of 16 candle-power, burning for an hour, ab- 
sorb electric energy to the extent of about one 
unit. Consumers of current from central stations 
are generally charged by the unit, and the above 
example will give a rough idea of the amount of 
light for one hour that can be obtained per unit. 
It is here assumed that a 16 candle-power lamp 

5 
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absorbs 60 watts, and such is generally the case. 

Lamps can, however, be manufactured of the same 

candle-power to absorb only 40 watts, but they 

are not so durable as 60- watt lamps. 

The usual voltages at which current is supplied 

from central stations are 100 or 200 volts ; assuming 

a pressure of 100 volts, the resistance of a 60- watt 

lamp of 16 candle-power can be found by a simple 

EC 
application of Ohm's law thus :-—-=(?; but -EC = 60 

Mi 

and E = 100, 

therefore the current =^1^ =-6 ampere ; 

E 
and since —=zC, and C — '6, 
Jx 

therefore^ ==:—-=:: 133 ohms. 
•6 

Numerous simple calculations of this description 
occur in work connected with wiring, and will be 
dealt with as occasion arises. 

As certain pieces of apparatus are always used in 
every electrical installation, it may be as well to 
explain here that a switch is an appliance for making 
or breaking an electric circuit, and consists of a 
pivoted piece of metal that can be turned in such 
a manner that it either makes a metallic connection 
between two conductors or severs it. 

Cvi-outs, or fuses, are appliances for inserting 
pieces of an easily-fusible metal into the electric 
circuit, so that in case of a sudden large increase 
of current this metal melts and so cuts off the cur- 
rent automatically. 

6 
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When alternating currents are employed, strictly 
speaking the calculations derived from Ohm's law 
should be modified ; ^ but in ordinary wiring work, 
where the capacity of the conductors does not play 
an important part, and the currents and cables em- 
ployed are not of an exceptionally heavy nature, 
the calculations may be carried out on the same 
lines as those for direct currents. 

* See Appendix. 



CHAPTER II 
Electric Cables 

OF all the materials used in wiring, the most 
important, from every point of view, are the 
cables or insulated conductors. These have to be 
insulated to avoid any possibility of positive or 
negative wires coming in contact with one another, 
either directly, owing to the resistance of the lamps 
being omitted, or indirectly, by moisture or any 
semi-conducting substance, such as wet plaster or 
cement. The consequences that may ensue should 
the positive and negative wires from any cause 
become directly connected, and thus cut out the re- 
sistance of the lamps, may be of a very disastrous 
nature, and what is known as a " short circuit " at 
once takes place. This is of the same nature as an 
explosion, an immense amount of electrical energy 
being suddenly Uberated, which heats the conduc- 
tors to such an extent that either some portion of 
the metaUic circuit is melted or else damage is done 
to the machinery producing the current. It is al- 
ways possible for short circuits to occur ; it is 
necessary, therefore, to distribute what are known 
as *' fuses " or " cut-outs " at diflEerent points in the 

8 
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circuits, so that in the event of a short circuit the 
fuse, which is made of easily fusible metal, at once 
melts, owing to the excess of current, and auto- 
matically cuts off the current before the copper 
conductors are sensibly heated. 

If moisture finds its way through the insulated 
coverings to the metaUic cores of the conductors, an 
" earth " connection is thus set up, with the result 
that the current leaks away from one pole through 
the moisture or " earth " to the other pole. Electro- 
lytic action then takes place, which dissolves the 
copper on the positive conductor to such an extent 
that the circuit is eventually broken. If the mois- 
ture is a good conductor a " dead earth " connection 
is set up, and is likely to be as disastrous as a short 
circuit. In fact, earth connections generally are a 
source of such great danger that companies supply- 
ing the current from central stations invariably 
refuse to connect a building to their mains, if any 
decided earth connection can be detected by means 
of the testing instruments usually employed. 

It will thus be seen that the insulation of cables 
is of great importance, and when it is remembered 
that the insulating material must be pUable to 
allow the cables to be bent, and at the same time 
of a quality capable of resisting changes of tem- 
perature without deterioration, it will be readily 
understood that india-rubber is one of the best 
materials that can be employed, as in addition to 
its other qualities it is a very good non-conductor 
of electricity. Many other substances are used, 
such as bitumen, resin, and paper treated with 

9 
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paraflftn ; but in the large majority of cases india- 
rubber is the insulating material employed, and in 
order to give it more lasting qualities it is gener- 
ally vulcanized. Without entering into the details 
of cable manufacturing it must suffice to say that 
the insulation of a good serviceable conductor for 
general wiring work will consist of layers of insu- 
lated pure and vulcanizing rubber and proofed tape, 
all thoroughly vulcanized together, then braided 
and served with a special compound. The diameter 
of wires forming the conductors of cables is measured 
by certain gauges which have been in use for periods 
long before electric lighting came into general vogue. 
These gauges are known as the Birmingham, Brown 
and Sharpe, and Standard wire gauges. There are 
very sUght diflferences between the three, as will be 
seen by reference to the tables. 

For the sake of flexibility and to minimize the 
chances of breaking a conductor, it is best to use 
several strands of copper. In practice the smallest 
size of stranded conductor consists usually of three 
strands of No. 22 S.W.G. ; larger sizes of cables con- 
sist of 7, 19, 37, and even 61 and 91 strands for 
very large sizes. These numbers are chosen because 
it is found that they give a circular form to the 
cross section. It is often advisable to use a cable 
of many strands in preference to one with a smaller 
number in order to gain the advantage of greater 
flexibility. Thus, a 19/18 cable is easier to fix 
where a large number of corners have to be timied 
than a 7/14 cable, which is of about the same size 
but much stiflEer to handle. 

lo 
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Sizes of Gables to be Employed, — ^There are two 
principal considerations that determine the sizes of 
conductors to be employed in any building. The 
first is the amount of heat produced by the current 
and the resistance of the conductors, and the second 
is the drop in electrical pressure due to the resist- 
ance of the conductor. The conditions in these two 
respects are to a limited extent analogous to the 
conditions under which water flows in pipes. Loss 
of pressure occurs in pipes owing to the friction or 
resistance to flow, and the cross section has to be 
proportioned to the quantity of water flowing. 
Similarly, when an electric current passes along a 
conductor the latter offers a resistance to its passage 
in strict proportion to its size or cross sectional area, 
and if the current is very large and the sectional 
area small, the loss in electrical pressure may be 
considerable and cause a very sensible heating of 
the conductor. If carried to extremes the heating 
may result in the melting of the conductor. In an 
incandescent lamp the filament becomes white hot 
because the resistance is very great and the current 
large in proportion to the sectional area of the 
filament. 
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Details 


OF Conductors. Showing 






Amperes at 






1 








Size. 


1,000 per 
square inch 


Am- 


Diameter. 


Area. 






at above 


peres at 














ratio* 














Loss= 


St^n-' 












S.W.G. 


approx. 2i 
volts per 
100 yards. 

0-6158 


dard. ^ 


nches. 


Milli- 
metres. 


Square 
Inches. 


Square 

Milli- 

metres. 




22 


1-7 


028 


0-7112 


•0006158 


•3973 




21 


•8042 


2-2 


032 


0-8128 


•0008042 


•5188 




20 


10179 


2-6 


036 


0-9144 


•001018 


•6567 




19 


, 1-2566 


3-2 


040 


1-016 


•001257 


•8109 




18 


1-8096 


4-2 


048 


1-219 


•001810 


1168 




17 


; 2-4630 


5-4 


056 


1-422 


•002463 


1-589 




16 


3-2170 


6-8 


064 


1-626 


•003217 


2075 




15 


40715 


8-2 


072 


1-829 


•004072 


2-627 




14 


50265 


9-8 


080 


2032 


•005027 


3-243 




13 


6-6476 


12-4 


092 


2-337 


•006648 


4-289 




12 


8-4949 


150 


104 


2-642 


•008495 


5-480 




11 


10-568 


180 


116 


2-946 


•01057 


6-819 




10 


12-868 


210 


128 


3-251 


•01287 


8-303 




9 


16-286 


270 


144 


3-658 


•01629 


10-51 




8 


20106 


31-0 


160 


4-064 


•02011 


12-97 




7 


24-328 


360 


176 


4-470 


•02433 


15-70 




6 


28-952 


42-0 


192 


4-877 


•02895 


18-68 




5 


35-298 


48-0 


212 


5-385 


•03530 


22-77 




4 


42-273 


57-0 


232 


5-893 


•04227 


27-27 




3 


49-875 


640 


252 


6-401 


•04988 


3218 




2 


59-828 


75-0 


276 


7010 


•05083 


3860 




1 


70-685 


850 


300 


7-620 


•07069 


4560 




1/0 


82-447 


97-0 


•324 


8-230 


•08245 


5319 




2/0 


95-114 


1080 


348 


8-839 


•09511 


6136 




3/0 


108-68 


1200 


372 


9-449 


•1087 


7013 




4/0 


125-66 


1350 


400 


10-16 


•1257 


81^09 




5/0 


146-57 


155-0 


•432 


10-97 


•1466 


9458 




6/0 


16909 


173-0 


•464 


11-79 


•1691 


1091 




7/0 


196-34 


196-0 


•500 


12-70 


•1963 


126-6 
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Dimensions, Capacity, Resistance and Weight. 



Standard Besistance at 60° Fabr. 



Ohms 

per 1,000 

Yards. 



3905 
29-90 
23-62 
1913 
13-28 
9-762 
7-478 
6-904 
4-784 
3-617 
2-831 
2-276 
1-868 
1-476 
1-196 
•9881 
•8307 
•6813 
•5688 
•4821 
•4019 
•3402 



•2917 
•2628 
•2212 
•1913 
•1640 
•1422 
•1226 



Ohms 
per Mile. 



68-72 

62-62 

41-57 

33-67 

23-38 

17-18 

13-16 

10-39 
8-419 
6-366 
4-982 
4-004 
3-228 
2-698 
2-104 
1-739 
1-462 
1199 
1-001 
•8484 
•7073 
•6987 



-6133 
•4460 
•3893 
•3367 
•2887 
•2603 
•2166 



Ohms per 
Kilo- 
metre. 



42-70 
32-70 
25-83 
20-92 
14-53 
10-68 
8-178 
6-456 
6-232 
3-966 
3-096 
2-488 
2-043 
1-614 
1-307 
1081 
-9086 
•7461 
•6220 
. -6272 
•4396 
•3720 



•3190 
•2766 
•2419 
•2092 
•1794 
•1566 
•1340 



Pounds 

per 1,000 

Yards. 



7120 
9-301 
11-77 
14-53 
20-93 
28-48 
37-20 
4709 
58-13 
76-88 
98-24 

122-2 

148-8 

188-4 

232-6 

281-3 

334-7 

408-2 

488-8 

676-7 

6920 

817-6 



953-4 
10990 
1267-0 
1463-0 
1696-0 
1956-0 
22700 



/Veight. 


Size. 


Pounds 




per 


S.W.G. 


Mile. 




12-53 


22 


16-37 


21 


20-72 


20 


25-58 


19 


36-83 


18 


6012 


17 


66-47 


16 


82-87 


15 


102-3 


14 


135-3 


13 


172-9 


12 


2151 


11 


261-9 


10 


331-5 


9 


409-2 


8 


495-1 


7 


6891 


6 


718-4 


6 


860-2 


4 


1016-0 


3 


1218-0 


2 


1439-0 


1 


16780 


1/0 


1936-0 


2/0 


2212-0 


3/0 


2558-0 


4/0 


29830 


6/0 


34410 


6/0 


39960 


7/0 
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Details of Conductors (continued). 



Size. 






Diameter of each 1 
Wire. 


Diameter of Strand. 






Amperes 


Amperes I 










at 1,000 
per square 


at 
I. E. E. 


























inch. 


Standard. \ 








In 




S.W.G. 






In 
Inches. 


In 
Millimetres. 


In 
inches. 


Milli. 
metres. 

1092 




3/25 


•9311 


2-452 


-020 


-5080 


•043 




3/24 


1127 


2-868 


-022 


-5588 


•047 


1194 




3/23 


1-341 


3-307 


-024 


-6096 


•052 


1321 




3/22 


1-825 


4-258 


•028 


•7112 


•060 


1-524 




3/21 


2-384 


5-301 ! 


•032 


-8128 


•069 


1-753 




3/20 


3016 


6-444 


•036 


-9144 


•078 


1-981 




3/19 


3-725 


7-644 


•040 


-1016 


•086 


2-184 




3/18 


5-364 


10-31 


•048 


•1219 


•103 


2-616 




7/25 


2177 


4-921 


-020 


1 
-5080 


•060 


1-524 




7/24 


2-633 


5-751 


•022 


-5588 


•066 


1676 




7/23 


3-135 


6-636 


•024 


-6096 


•072 


1-829 




7/22 


4-266 


8-543 . 


-028 


-7112 


•084 


2-134 




7/21i 


4-896 


9-565 1 


•030 


-7620 


•090 


2-286 




7/21 


5-571 


10-63 


•032 


•8128 


•096 


2-438 




7/20i 


5-925 


1119 


•033 


•8382 


•099 


2-515 




7/20 


7052 


12-90 


-036 


•9144 


•108 


2-743 




7/19 


8-708 


15-34 


-040 


1016 


•120 


3048 




7/18 


12-54 


20-68 


-048 


1219 1 


•144 


3-658 




7/17 


17-06 


26-62 


-056 


1422 


•168 


4-267 




7/16 


22-27 


3312 


•064 


1626 


•192 


4-877 




7/15 


28-22 


40-22 


•072 


1829 


•216 


5-486 




7/14 


34-83 


47-80 


•080 


2032 


•240 


6-096 




7/13 


4605 


60-10 1 


-092 


2337 


•276 


7-010 




7/12 


58-84 


73-47 1 


-104 


2642 i 


•312 


7-925 




7/11 


73-22 


87-90 


-116 


2946 


•348 


8-839 




7/10 


89-17 


103-3 


-128 


3251 


•384 


9-754 




7/9 


112-9 


125-4 


-144 


3658 


•432 


10-97 




7/8 


139-3 


1490 


•160 


4064 


-480 


12-19 




7/6 


200-6 


200-9 


•192 


4-877 


•576 


14-63 
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Effective Area, viz. Area 
of SoHd Wire having 


Standard Resistance at 




Size. 




some Conductivity. 




W J.' OJUi. . 




Standard 
















Weight 
^fle. 






Square 
Inches. 


Square 

Milli- 

metres. 


Per 1,000 
yards. 


Per 
mile. 


Per 
• Kilo- 
metre. 


S.W.G. 




•0009311 


•6007 


25-82 


45-45 


28-24 


19-42 


3/25 




•001127 


•7271 


21-33 


37-55 


23-33 


23-49 


3/24 




•001341 


•8651 


17-94 


31-57 


19-62 


27-96 


3/23 




•001826 


1177 


1318 


2319 


14-41 


38-05 


3/22 




•002384 


1-538 


1009 


17-75 


1103 


49-71 


3/21 




•003016 


1-946 


7-972 


1403 


8-718 


62-92 


3/20 




•003726 


2-403 


6-455 


11-36 


7-059 


77-68 


3/19 




•006364 


3-461 


4-482 


7-889 


4-902 


111-8 


3/18 




•002177 


1-404 


1105 


1944 


12-08 


45-23 


7/25 




•002633 


1-699 


9-131 


1607 


9-986 


54-71 


7/24 




•003136 


2023 


7-670 


13-50 


8-389 


6512 


7/23 




•004266 


2-752 


5-636 


9-920 


6-164 


88-63 


7/22 




•004896 


3-159 


4-910 


8-643 - 


6-371 


101-8 


7/21J 




•005671 


3-594 


4-316 


7-596 


4-720 


1158 


7/21 




•006926 


3-822 


4-059 


7-143 


4-439 


123-2 


7/20J 




•007062 


4-550 


3-410 


6001 


3-729 


146-6 


7/20 




•008708 


5-618 


2-761 


4-860 


3020 


180-9 


7/19 




•01264 


8-090 


1-918 


3-375 


2-097 


260-5 


7/18 




•01706 


11-01 


1-410 


2-480 


1-541 


354-5 


7/17 




•02227 


14-37 


1080 


1-900 


1-181 


4631 


7/16 




•02822 


18-21 


•8523 


1-500 


•9321 


586-2 


7/15 




•03483 


22-47 


•6903 


1-215 


•7550 


723-6 


7/14 




•04605 


29-71 


•5222 


-9190 


•5711 


957-1 


7/13 




•06884 


37-96 


-4086 


•7192 


•4469 


1223-0 


7/12 




•07322 


47-24 


•3284 


•5780 


•3592 


1522-0 


7/11 




•08917 


57-53 


•2697 


•4746 


•2950 


18530 


7/10 




•1129 


72-84 


-2131 


•3750 


•2330 


23450 


7/9 




•1393 


89-97 


•1726 


•3037 


•1887 


28940 


7/8 




•2006 


129-4 


•1199 


• -2110 


•1311 


41670 


7/6 
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INTERNAL WIRING OF BUILDINGS 
Details op Conductors {contintced). 



Size. 



S. W. G. 



19/22 
19/21 
19/20 
19/19 
19/18 
19/17 
19/16 
19/16 
19/14 
19/13 
19/12 
19/11 
19/10 



37/20 
37/19 
37/18 
37/17 
37/16 
37/15 
37/14 
37/13 
37/12 



61/18 
61/17 
61/16 



Amperes 
at 1,000 

per 
Square 
Inch. 



11-57 
16-10 
1912 
23-60 
33-99 
46-27 
60-39 
76-60 
94-42 
124-9 
169-5 
198-5 
241-7 



37-22 
45-96 
6619 
9006 
117-6 
148-9 
183-8 
2431 
310-6 



109-1 
148-6 
193-9 



Amperes 
at 


Diameter of each 
Wire. 


I. E. E. 
Standard. 


In 
Inches. 


In 
Millimetres. 


19-36 


•028 


•7112 


24-09 


•032 


•8128 


29-23 


•036 


-9144 


34-74 


•040 


1016 


46-85 


•048 


1-219 


60-33 


•056 


1-422 


7506 


-064 


1-626 


91-12 


•072 


1-829 


108-3 


-080 


2032 


136-2 


•092 


2-337 


166-4 


-104 


2-642 


199-2 


-116 


2-946 


2340 


-128 


3-251 


50-47 


•036 


•9144 


61-07 


-040 


1016 


80-91 


-048 


1-219 


104-2 


•066 


1-422 


129-6 


•064 


1-626 


167-3 


•072 


1-829 


1870 


-080 


2032 


235-2 


-092 


2-337 


287-4 


•104 


2-642 


121-9 


•048 


1-219 


157-0 


•056 


1-422 


196-4 


•064 


1-626 



Diameter of Strand. 



In 
Inches. 



•140 
•160 
•180 
-200 
-240 
-280 
-320 
-360 
•400 
•460 
-620 
-680 
•640 



-262 

•280 
•336 
•392 
•448 
•504 
-660 
•644 
•728 



-432 
-604 
-576 



In Milli- 
metres. 



3-666 
4064 
4-672 
5-080 
6-096 
7-112 
8-128 
9-144 
10-16 
11-68 
13-21 
14-73 
16-26 



6-401 
7112 
8-634 
9-957 
11-38 
12-80 
14-22 
16-36 
18-49 



10-97 
12-80 
14-63 
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INTERNAL WIRING OF BUILDINGS 



Effective Area, viz. 

Area of Solid Wire 
having same 
Conductivity. 



Square 
Inches. 



•01167 

•01610 

•01912 

•02360 

•03399 

•04627 

•06039 

•07660 

•09442 

•1249 

•1695 

•1986 

•2417 



•03722 

•04696 

•06619 

•09006 

•1176 

•1489 

•1838 

•2431 

•3105 



•1091 
•1485 
•1939 



Sanare 
MiUi- 
metres. 



7-464 
9-742 
12-34 
1623 
21-93 
29-85 
38-96 
49-35 
60-91 
80-58 

102-9 

1281 

166-9 



2401 
29-65 
42-70 
68-10 
75-87 
9606 
118-6 
156-8 
200-3 



70-38 
95-80 
125-1 



Standard Resistance at 
6(f Fahr. 



Per 1,000 
Yards. 



2079 

1-592 

1-257 

1-019 
-7074 
•5197 
•3981 
•3143 
•2547 
•1926 
•1507 
-1211 
•09949 



•6460 

•5232 

•3633 

•2670 

•2045 

•1615 

•1309 

-09892 

•07744 



-2204 
•1619 
-1240 



Per 
Mile. 



3-659 
2-802 
2-213 
1-793 
1-245 
•9147 
•7007 
•5532 
-4482 
•3389 
•2653 
•2132 
•1751 



1137 
•9208 
•6394 
•4699 
•3599 
•2842 
•2303 
•1741 
•1363 



•3879 
-2850 
-2183 



Per Kilo- 
metre. 



2-274 
1-741 
1-375 
1-114 
•7736 
-5684 
^4354 
-3437 
•2785 
•2106 
-1649 
•1325 



•7065 
-5722 
•3973 
•2920 
•2236 
•1766 
•1431 
•1082 



-2410 
-1770 
-1356 





Size. 


Standard 




WAi<y>if 




per Mile. 




f 


S. W. G. 


2408 


19/22 


314-6 


19/21 


3983 


19/20 


491-7 


19/19 


707-9 


19/18 


963-3 


19/17 


1258-0 


19/16 


1593-0 


19/15 


19660 


19/14 


26010 


19/13 


33230 


19/12 


41340 


19/11 


5034-0 


19/10 


776-8 


37/20 


957-9 


37/19 


1379-0 


37/18 


18770 


37/17 


24510 


37/16 


3103-0 


37/15 


3830-0 


37/14 


50660 


37/13 


6474-0 


37/12 


22740 


61/18 


3094-0 


61/17 


4042-0 


61/16 
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Details op Conductoes (continued). 



Size. 


Amperes 
at 1,000 

per 
Sqaare 
Inch. 


Amperes 

at 
I. E. B. 
Standard. 


Diameter of each 
Wire. 


Diameter of Strand. 




S. W. G. 


In 
Inches. 


In MiUi. 
metres. 


In 
Inches. 


In Milli- 
metres. 




61/15 
61/14 
61/13 
61/12 

91/14 
91/13 
91/12 
91/11 


245-5 
302-9 

400-8 
512-0 

451-9 
597-7 
763-8 
950-4 


237-0 
281-6 
354-3 
433-1 

391-0 
491-7 
600-1 
719-3 


-072 
•080 
-092 
-104 

•080 
•092 
•104 
•116 


1-829 
2032 
2-337 
2-642 

2-032 
2-337 
2642 
2-946 


•648 
•720 
•828 
•936 

•880 
1-012 
1-144 
1-276 


16-46 
18-29 
21-03 
23-77 

22-35 
25-70 
2906 
32-41 





In order to calculate the energy lost in heating, 
due to the passage of the current along conductors, 
it becomes necessary to know the resistance in 
ohms of given lengths of the cables employed. 
Now the " specific resistance " of copper, i.e. the 
resistance of a piece of given dimensions compared 
with the resistance of a piece of silver of similar 
dimensions, has been ascertained with great accu- 
racy, and taking the resistance of silver as unity, 
the relative resistance of annealed copper is 1063 at 
0° Centigrade. If, therefore, the actual resistance 
in ohms of a given length of silver wire, say one 

1 '' 

yardlongand—— diameter, is known, the resistance 



100 
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INTERNAL WIRING OF BUILDINGS 





Eflfective Area, viz. 

Area of Solid Wire 

having same 

Condnctivity. 


Standard Resistance at 
60° Fahr. 


Standard 

Weight 

per Mile. 


Size. 




Square 
Inches. 


Square 
MiUi- 
metres. 


Per 1,000 
Yards. 


Per 
Mile. 


1 

Per Kilo- 
metre. 


S.W.G 




•2455 
•3029 

•4008 
•5120 

•4519 
•5977 
•7638 
•9504 


158-4 
195-4 
258-6 
330-3 

291-5 
385-6 
492-8 
613-1 


•09795 
•07937 
•06000 
•04697 

•05320 
•04023 
•03148 
•02530 


•1724 
•1397 
•1056 
•08266 

•09364 
•07080 
•05541 
•04453 


•1071 
•08681 
•06562 
•05136 

•05819 
•04400 
•03443 
•02767 


51160 

63160 

83530 

106740 

94420 
124620 
159250 
198110 


61/15 
61/14 
61/13 
61/12 

91/14 
91/13 
91/12 
91/11 



of a similar piece of copper wire can be calculated, 
and from this again any lengths of copper conduc- 
tors, always bearing in mind that the resistance is 
proportional to the length and inversely proportional 
to the cross sectional area. Complete tables are 
here given of the more usual sizes of conductors used 
in wiring, giving the resistances, sizes, weights and 
diameters, including insulation, and the current 
giving 2 J volts drop in pressure for every 100 yards 
of double run. 

Suppose, for instance, it is required to know the 
resistance of 100 yards of 3/22 cable, a size very fre- 
quently used in wiring work. From books we find 
that the resistance of the above-mentioned yard of 
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r 

silver wire of-— r diameter is -2714 ohm. There- 
fore the resistance of a similar piece of amiealed 
copper wire is 2714 x 1063 = -2885 ohm. The 

r 

sectional area of wire -— diameter is •0000785D'^,and 
100 

of a single wire of 22 gauge (of which the diameter is 
•O28'0 is-0006I54n''. A 3/22 stranded wire has there- 
fore a sectional areaof -000615" x 3=00I846n''. The 

•0000785 
resistance then of I yard is -2885 x =z 01226 

*001846 

ohm. Therefore the resistance of 100 yards of 3/22 
is 1-226 ohms. This number is not quite the same 
as that given in the table, the explanation being 
that the sectional area is slightly larger than -001846 
owing to the fact that the three strands of wire 
are put together in a slightly spiral form, conse- 
quently the sectional area is greater than if all the 
wires were perfectly straight. In the tables, account 
is taken of the decrease of resistance due to the 
spiral winding of the stranded conductors. 

Current Density in Conductors. — The greater the 
current that passes through a conductor of given 
diameter the greater is the loss in pressure and the 
heat produced ; hence it is necessary to fix some 
proportion between the diameters of conductors and 
the current they shall carry, in order to avoid over- 
heating. For the internal wiring of buildings any 
danger of overheating can be avoided by using 
conductors of such a sectional area that the current 
in them shall not be proportionately greater than 
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1,000 amperes per square inch of sectional area of 
conductor, or, in other words, the " current density " 
must not exceed 1,000 amperes per square inch. 
Thus the maximum current that should be carried 
by a 3/22 cable of which the sectional area is 0018" 
is 1,000 X 0018 or 1*8 amperes. It will be seen from 
this that it is only necessary to multiply the area 
of a conductor (in square inches) by 1,000 to find 
the maximum carrying capacity in amperes. In 
order to avoid undue loss of pressure, it is very 
frequently advisable to employ larger conductors 
than those given by this rule, but as regards heat- 
ing effects only, the 1,000 amperes per square inch 
rule is very largely adopted as a practical rule of 
thumb guide for determining the sizes of conduc- 
tors. This rule is empirical and can be relied on 
to this extent only, that it will not under any 
circumstances permit pure copper conductors to 
become dangerously hot, but it is no guide at all 
as to the ultimate temperature the conductor will 
reach ; this depends on a variety of circumstances 
into which it is not necessary to enter here.^ In the 
tables of details of conductors, the resistances, 
weights, areas, loss in pressure per 100 yards run 
are given, so that any calculation requiring these 
figures can be easily made. 

Where the conductors are not of pure copper, as 
in switchboards, wall sockets, ceiling roses, etc., it is 
necessary to allow a much lower current density, as 
the brass or gun-metal of which these are made has 
a higher specific resistance than pure copper ; conse- 

* See Appendix 
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quently the heating eflfect with a given current is 
greater, and the current density should not be al- 
lowed under any circumstances to exceed 500 
amperes per square inch. 

If the current density is kept within the 1,000 
amperes per square inch limit, it will be found that 
in most buildings not only is there no danger from 
overheating, but also that the drop in pressure at 
the ends of the circuits is not excessive, being gen- 
erally not more than 2 or 3 per cent, of the total 
voltage. In specifications issued by consulting 
engineers it is often stipulated that this drop shall 
not exceed 2 per cent, at the ends of the longest 
circuits. In buildings, therefore, where the runs 
are likely to be long, it becomes necessary to cal- 
culate carefully the sizes of the conductors, to see 
if the 1,000 ampere per square inch rule allows suffi- 
cient area of conductor. 

Now the electrical pressure or " voltage " em- 
ployed determines largely the size of conductors to 
be employed ; thus it has been mentioned above that 
an incandescent lamp of 16 candle-power requires 
60 watts to bring it to a normal incandescence. 
This energy may be delivered theoretically at any 
voltage, provided the lamp is suitably made. If, 
for instance, a pressure of 10 volts were employed, 



the current would be — =6 amperes; but if it should 

be 200volt8, the current becomes—— = '3 ampere, or 
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— of the former amount. It is obvious, therefore, 

that a conductor to carry 6 amperes must be 20 
times larger than one used to carry '3 ampere, 
provided the current density in each is the same. 
Similar conditions would obtain in two water pipes 
delivering the same energy in water, but at pres- 
sures differing as 1 : 20. The pipe carr5dng the 
water at the lower pressure would require a sectional 
area 20 times larger than that of the other. By 
increasing the voltage of lamps, therefore, the 
current can be correspondingly decreased and a 
large saving effected in the copper employed in the 
conductors. This is of great practical importance, 
and there is a general tendency to increase the 
voltage of lamps. At the present time the limit is 
about 250 volts, and it is not improbable that even 
this high voltage may be increased. It must be 
remembered, however, that with the higher pres- 
sures employed the difficulties of efficiently insulat- 
ing the ^conductors increase, and special apparatus 
has to be introduced in order to ensure safety to 
the consumers of electrical energy. It may be 
mentioned here that wires for electric bell connec- 
tions are very lightly insulated simply because the 
pressure is very small (not exceeding one or two 
volts), consequently there is little danger of the 
insulation breaking down. 

By raising the voltage then the current is de- 
creased, and this decrease means also a smaller loss 
of pressure over a given resistance. There is there- 
fore a double gain, decrease of loss of pressure and 
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diminution of current. This follows directly from 
Ohm's law, which states that E = CBot EC^ C^B. 

From this it will be seen that any diminution of 
current in a given conductor causes the power (EC) 
lost to vary inversely as the square of the current. 
The power thus lost is frequently referred to as the 
C^B or frictional losses. 

In order to gain the full advantages of higher 
pressure, supply companies for direct current are 
making great efforts to induce their customers to 
adopt higher voltage lamps ; and in cases where this 
has been done, it has been possible to extend the 
lighting areas from given centres to a very large 
extent. 

An example may make this more clear. Suppose 
100 16-c.p. lamps of 60 watts each and 100 volts are 
fixed at the end of a 19/16 cable 100 yards long 
altogether. The resistance of this length is 0406 
ohm, and the current taken by the lamps is 100 x -6 
= 60 amperes. The loss in pressure along this 
cable will be 60 x 0406 =2- 439 volts, and the loss 
in watts 60 x 2*439 = 14637 watts. If now the 
voltage of the lamps is increased to 200 volts the 
current is halved to 30 amperes. The resistance 
of the cable remains the same, and the loss in 
pressure becomes 30 x -0406 ^= 1*219, and the loss in 
watts 30 X 1*219 = 36*59. This is J the watts lost 
in the former case. In order to obtain the same 
loss in watts in the same length, the cable at the 
higher voltage would be J the size, or, to put it 
in another way, the same loss in watts would occur 
if the cable were four times as long. In the wiring 
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of buildings a considerable economy can be eflfected 
in the size of conductors by increasing the pressure, 
and in cases where the wiring has already been 
put in to carry current for lamps of 100 volts, if 
the voltage is changed to 200, no less than 4 times 
the number of lamps can theoretically be used 
with the same loss in watts. In practice, however, 
it is not advisable to allow more than double the 
number of lamps, for the current density is only 
halved, and if the conductors were originally put 
in allowing 1,000 amperes per square inch, it is 
not usual to allow a greater current density than 
this.^ 
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CHAPTER III 

General Arrangement of Conductors 
and Cut-outs in Buildings 

AS a general rule the supply of current from a 
central station or other source is taken into 
a building in the lower floor, a convenient position 
being selected for the termination of the mains. At 
this point a fusible cut-out is placed on each con- 
ductor or " pole," and the conductors are then run 
to the various points throughout the building, and 
can be gradually diminished in size as they get 
nearer the top of the building, as the number of 
lights they have to supply is diminished. It is of 
the first importance to remember that wherever the 
size of conductor is diminished a double-pole cut- 
out must be pla^ced where this change of area takes 
place ; or, in other words, the cut-outs must be placed 
at the roots of the branches from the mains. The func- 
tion of these cut-outs is not to prevent the lamp 
filaments from giving way, owing to excess of pres- 
sure, but to protect the conductors from dangerous 
overheating, due either to short ckcuits or excessive 
leakage of current. 
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In towns and situations where the current is ob- 
tained from a central station, the work of bringing 
the mains into the building from the street is imder- 
taken usually by the company supplying the current, 
and in most cases these short lengths are run in 
iron barrel, which is by far the most efficient pro- 
tection for work of this description. 

After leaving the company's double-pole fuse, the 
conductors are run first to a meter, and then to a 
main double-pole switch and fuse, which must be 
placed as close as possible to the company's fuses, 
care being taken that no current whatever is taken 
from the mains between this switch and company's 
fuse, otherwise the main switch will not control 
every light in the building ; and, in addition, should 
any fault be developed behind the main switch, 
there is no means of cutting oflF the current, as the 
fuses of the supply company are generally very 
large, and not likely to melt except in extreme cases. 

After leaving the main double-pole switch and 
cut-out, the conductors should be taken to various 
distributing fuse-boards, placed in convenient posi- 
tions throughout the building, and smaller con- 
ductors are run from these boards again to the 
various points where the lights are required. Dis- 
tributing boards consist of groups of fuses on each 
pole fixed to an insulated base, and enclosed usually 
in boxes to protect them. Later on a fuller descrip- 
tion of various fuses will be given. 

There are two simple methods of arranging the 
mains in a building : either one pair of mains can 
be run, and the various sub-distributing fuse-boards 
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fed from these by short branches of the same ^ize 
as the mains, or else the mains themselves can be 
subdivided at a point where a fuse-box is placed, 
and from this again smaller mains are run to the 
smaller distributing boxes. The first plan is suit- 
able for small buildings, as it is very simple, and 
the second plan for larger buildings, as it admits 
of each section of the mains being tested separately 
when necessary. This is of great importance, as it 
is often difficult to localize faults unless the circuits 
can be divided into sections. These two systems 
are diagrammatically shown in Figs. 1 and 2. 

Three-wire System, — In large buildings, in which 
the number of lights is likely to exceed 100, it is 
a very usual practice to introduce what is known 
as the " three-wire system." The object of this 
system is to gain the advantages of higher voltage 
without increasing the actual voltage of the lamps. 
The method employed is simple, being merely the 
connection of two circuits, each supplying current 
at a given voltage into one system, whereby the 
pressure is doubled. Thus, A and B are two sepa- 
rate systems, each supplying current at 100 volts 
to a number of lamps. If now the two systems are 
joined together, as in C, the pressure over the whole 
installation becomes 200 volts, but the lamp pres- 
sure remains as before, or 100 volts, because the 
middle wire is so connected that there is never more 
than 100 volts between it and each of the outside 
conductors. The advantage of this system may 
not at first be apparent, as the current in the two 
outer conductors is the same if the two systems are 
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connected together or separate, but in C it will 
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be noted that the current in the middle wire is 
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marked by the arrows as flowing in opposite direc- 
tions. This means that the two currents neutralize 
one another in this portion, and that there is no 
resultant current in this wire unless the number of 
lamps on each side of the middle wire is unequal, in 
which case the balance flows back by it. The gain, 
therefore, consists in this : that if the current in 
the two sides of the middle wire is balanced, the 
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200 
VOLTS 



Three-wirft system. 

current flows through a much shorter length of 
conductor than it would do otherwise, consequently 
the loss in pressure is much less. In fact, assuming 
the current to be taken from the ends of long 
lengths of conductors, if a three-wire system with 
the two portions equally loaded is employed instead 
of two separate systems, the current will travel 
through half the length of conductors, i.e. two wires 
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instead of four, and the loss of pressure will be 
halved. 

In practice it is seldom if ever possible to so 
arrange matters that the current is the same on 
each side of the middle wire, consequently there is 
generally a current flowing in the middle or balanc- 
ing wire. As lamps are switched on or off on each 
side of the middle wire the balance is altered, and 
if, as is sometimes the case, all the lamps on one 
side are switched off, the system becomes an ordinary 
one of two conductors only. This is an extreme 
case, and care should be taken to arrange the light- 
ing so that the number of lamps alight on each side 
of the middle wire is about the same. If this is 
done the middle wire can be made appreciably 
smaller in area than the outside wires. The exact 
size to be used can only be approximately deter- 
mined, and it is usual to allow it to be from about 
one-third to two-thirds the area of the outer con- 
ductor, according to the possibility of obtaining 
good balancing on each side. Figs. 1 and 2 show 
two methods of connecting the mains throughout a 
building to the different fuse-boards on the three- 
wire system. Fig. 1 shows the simpler method, 
which may be used for smaller buildings ; Fig. 2 
the method for larger buildings, where it is neces- 
sary to be able to subdivide sections of the mains 
for testing purposes. In this latter case the full 
advantage of the three-wire system is only gained 
up to the main distributing board. 

The three-wire system is of great advantage to 
companies supplying current, inasmuch as it en- 
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Fig. 2. — ILree-wire system. Subdivided mains. 
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ables them to gain the advantage of the higher 
voltage. It is not, however, of such corresponding 
advantage to the consumers, as the various circuits 
have to be run back to a central distributing board 
before any advantage can be taken of the system. 
This is seen in Fig. 2. In buildings where the 
current amounts to 50 amperes, most supply com- 
panies insist that the three-wire system shall be 
employed. 

In order to calculate the loss in pressure in the 
conductors fixed in a building, we will take as an 
example an ordinary dwelling-house, in which say 
100 lamps of 16 candle-power are fixed and all 
alight at the same time. We will assume that 100 
volts is the pressure, and that each lamp takes 60 
watts. Under these circumstances, the current in 
the mains supplying the whole house will be 60 
amperes, distributed as follows : — 

3rd floor . 10 lamps, or 6 amperes. 

2nd „ . .15 „ „ 9 

1st ,, . .30 ,, „ 18 „ 

Ground floor . 30 „ „ 18 „ 

Basement . 15 „ „ 9 „ 

100 lamps. 60 amperes. 

We will assume the current for the lamps on the 
various floors is taken from 3 distribution boards 
shown on the 1st and 2nd floors and the basement. 
Now it may be convenient to take current from any 
given fuse-board to supply lamps on the floors im- 
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mediately above or below, therefore the number of 
amperes given on each floor is no accurate indica- 
tion from which fuse-board the current is taken. 
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Diagram for calculating loss in mains. 

Thus the 30 lamps on the ground floor may be 
supplied partly from the 1st floor and partly from 
the basement. We will assume, therefore, that 15 
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amperes is taken from the 2nd floor board, 30 am- 
peres from the 1st floor board, and 15 amperes 
from the basement board. At each of the points 
B, (7, and D, 15, 30, and 15 amperes respectively 
are taken from the mains ; therefore the portion 
C D carries 15 amperes, B C 46 amperes, while A B 
carries the full 60 amperes. The distances of these 
various portions are given as 20, 30, and 60 feet 
respectively ; it becomes therefore quite easy to 
calculate their resistances and the drop of pressure 
due to the flow of current in them. As that por- 
tion of the mains above B, however, does not carry 
the full current, it is assumed that the mains are 
reduced at this point and a pair of cut-outs fixed. 

It will be seen from the tables of cables above given 
that to carry a current of 60 amperes a 19/14 may 
be used, assuming a current of under 1,000 amperes 
per square inch is allowed. Now the resistance of 
this cable per 100 yards is -0256 ohm ; therefore, if 
60 feet run is required, as shown in the figure the re- 

60 X 2 

sistance wiU be -0256 x = 0102 ohm, and 

100 X 3 

the loss in pressure -0102 x 60 =: -61 volt. 

Here the length 60 is multiphed by 2 to allow 
for both positive and negative wires, or " lead " and 
" return " as they are generally called. From B to 
C a smaller conductor can be used to carry 45 am- 
peres, and we will assume this part of the main is 
taken right up to the fuse-board at D, To carry 45 
amperes at under 1,000 current density a 19/16 may 
be used, and the resistance.between B and C,'calcu- 
lated as before, becomes -008, the resistance per 100 
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yards of 19/16 being -04 ohm, and the length 30 
feet doubled as before ; the loss in pressure is there- 
fore -008x45=:: -36 volt. In the last portion be- 
tween G and D the resistance becomes -0046, and 
the loss in pressure -0046 x 9 = '041 volt. 

Taking the pressure at A as 100 volts, the pres- 
sures at J5, G and D by subtraction are found to be 
respectively, 9936, 9903 and 989 volts. 

We now come to the sub-mains of 5 amperes each, 
and we will take one as an example, assuming that 
from the board at D the largest branch of say 60 
feet run of 7/214 takes 6 amperes to E^ and that for 
another 20 feet beyond this a branch of 3/22 takes 
1 ampere to the point F. 

The resistance of 60 feet run of 7/21 J is seen to 
be -2 ohm, and the loss of pressure -2x6=: 1*2 volts. 
Similarly the resistance of the 3/22 is -17 ohm, and 
the loss in pressure -17 x 1 = -17 volt. 

Adding these two losses in pressure together, we 
get the loss from D 1*37 volts, and the total loss 
from ^11 + 1-37 = 2- 47 volts. 

Assuming therefore that the particular sub-branch 
we have taken is as large as any in the building, 
the maximum drop in pressure over the whole build- 
ing has been obtained. 

In this particular case it will be seen that the con- 
ductors are well within the 1,000 ampere per square 
inch limit. In large buildings, where the runs are 
long, in order to avoid a loss of pressure greater 
than 2 per cent, it may be necessary to put in con- 
ductors allowing 800 amperes per square inch. 
, In a manner similar to the above the drop in 

38 



INTERNAL WIRING OF BUILDINGS 

pressure may be calculated in any building, and in 
the case of a three- wire system it is best to assume 
all the lamps on one side of the middle wire are 
switched off, and then calculate the drop as in an 
ordinary two-wire system as above. 

Fusible Cut-outs, — In the arrangement of wiring 
in a building the correct placing of the fuses is of 




Diagram showing position 
of fuses. 



primary importance. The diagrams already given 
will indicate to some extent how those fuses should 
be placed, and it has been stated that wherever the 
conductors are reduced in area a cut-out should be 
fixed. This is a regulation always insisted on by 
fire insurance companies, and should receive careful 
attention, otherwise sections of the conductors may 
become dangerously heated and cause considerable 
damage. 
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Suppose, for instance, a small conductor, '■ say a 
3/22, supplying current for one light, is connected to 
a much larger main, say 19/16 cable, carrying cur- 
rent for a considerable number of lamps, and the 
small fuses are placed at A instead of B. If now a 
short circuit should occur anywhere between A and 
B, say at (7, there is a sudden rush of current through 
the small conductors, which heats them to such 
an extent that they attain a dangerous heat, or 
else the larger fuses at E are melted. In any case 
some part of the circuit must give way, probably 
setting fire to the insulation, and the rupture takes 
place at the weakest point. It is obvious that if 
the small fuses had been placed at B the fusible 
wire would have melted at once and no undue heat- 
ing of the conductors have taken place, for fuses 
are supposed to melt at currents about 50 per cent, in 
excess of the lamp currents controlled by the fuses. 

Fuses and fuse-boards should always be placed in 
easily accessible positions, and should be so designed 
that the fuses are quite easy to repair. When 
electric hghting was first introduced, small branches 
were taken off the mains at any convenient points, 
and crude round porcelain fuses fixed indiscrimin- 
ately under floors or in ceilings as might be most 
convenient to the wiring contractor. These were 
always getting out of order, and when broken were 
Uable to set up earth connections, so that it was no 
uncommon thing to find that even when lamps 
were switched off the lights did not go out, owing 
to the earth connections completing the circuits. 
Now, however, it is the general practice to group 
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fuses together, and to place them in boxes in con- 
venient positions, so that if a fuse melts it can be 
easily replaced, and should any fault occur in the 
wiring, all the small branches can be tested from 
these centres of distribution. These fuses are on 
each pole, so that they may act in every case of ex- 
cess of current due either to short circuiting or 
leakage to earth on either pole. For incandescent 
hghting it is a usual practice to run circuits of 
about 5 amperes or 8 lamps of 16 c.p. at 100 volts 
from the double pole fuses in the sub-distribu- 
tion boards, using conductors of 7/21 J gauge, and 
to put no further double pole fuses, even if the 
branches are further reduced to 3/22 in size. The 
fact that these small sub-branches are thus reduced 
in area without the protection of fuses is no doubt 
not recognized by the authorities, and many engin- 
eers will not allow it. On the other hand the fuses 
for a 5 ampere circuit are so very fine that no damage 
can possibly be done to the finest flexible cord 
by overheating due to short circuit, provided it 
is protected by a suitable 5 ampere fuse. In most 
cases flexible cords are protected by fuses in ceiling 
roses and wall sockets, but the fuses in this case are 
on one pole only. The size of conductor employed 
for a 5 ampere circuit used to be a single 14 Stan- 
dard wire gauge, but as it is not advisable to use 
single conductors, as before explained, a wire of 
7/214 is now nearly always employed, which is very 
nearly the same size. As the number of lights is re- 
duced a- 3/22 is used for 1 to 3 lights, and (excepting 
flexible cords) this is generally the smallest size of 
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conductor employed for electric lighting purposes. 

In order to avoid having any joints made in con- 
ductors, some engineers so arrange the wiring that 
the conductors from each point of light are run 
right back to the sub-distributing boards. This 
system is extremely expensive, but is largely used 
in shipwork, where salt water is certain to find out 
any weak places in badly made joints. It is not 
usual to employ it in buildings on account of the 
cost and the multiplication of conductors it entails. 

Alternating Currents. — The general arrangement 
of conductors and fuses apphes to wiring for alter- 
nating currents much in the same way as for direct 
currents. It must be borne in mind, however, that 
if iron barrel is used to protect the wires it is usual 
to place both conductors in the same tube to avoid 
induction effects due to alternating currents, which, 
with heavy currents, would cause undue loss in 
pressure if each conductor were placed in a separate 
iron tube. 

Arc Lamps and Motors. — Where arc lamps, either 
singly or in pairs, are employed, each circuit must 
have its own double pole switch and fuse on the 
distribution board. With direct currents, arc lamps 
require from 40 to 45 volts each to ensure steady 
running ; it is therefore usual to put them up in 
pairs on 100 volt circuits, with a resistance in each 
circuit to absorb about 10 volts. A resistance is 
essential to the working of a direct current arc lamp 
as it acts as a regulator, and the more there is of 
it in circuit the better the lamps will work. It is 
therefore a very usual practice in mills and fac- 
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tories, where a large number of arc and incan- 
descent lamps are used together at the same time, 
to fix the voltage at 110, of which the arc lamps 
absorb about 90 and the resistance 20. The power 
lost in the resistance is considerable, but the in- 
creased steadiness in the hght more than compen- 
sates for this. 

Arc lamps worked by means of alternating cur- 
rents have this advantage over direct current 
lamps, that " choking coils " take the place of the 




Diagram showing conneotions for two arc lamps in series. 



resistances, and very little power is lost in these 
coils ; but the amount of hght given out by an 
alternating arc lamp is less than that given out by 
a direct current lamp taking the same current. 

The diagram shows how the connections for direct 
current arc lamps are made for working two in 
series on 100 or 110 volt circuit. The connections 
for alternating current lamps are the same, the 
choking coil taking the place of the resistance. 

Resistances and choking^coils are always mounted 
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on insulators, and it is best to enclose them in well- 
ventilated iron cases, as they get hot when the cur- 
rent passes through them. Similarly the arc lamps 
themselves must be hung on insulators, and the 
working parts of the lamps insulated from the 
outer frame work, in order to avoid any possibility 
of earth connections being set up through acci- 
dental contact of the outer casing with metal con- 
nected to earth. 

The same remarks apply equally to motors. If 
resistances are employed with them they must be 
protected and insulated, and the motors themselves 
should be fixed to strong wooden frame works by 
means of coach screws in such a manner that there 
can be no direct electrical earth connection between 
the bedplate of the motor and the earth. 

Note. — Most central stations now supply electri- 
city at 200 volts pressure, and arc lamps of the 
"enclosed" type are largely used. These lamps 
can be made to work at any pressure, from 80 volts 
upwards, so that they can be connected up either 
in single parallel on a 200 volt circuit, or two in 
series, but in each case either a resistance or chok- 
ing coil must be inserted as above described. 
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CHAPTER IV 

Jointing and Wood-casing System of 
Wiring 

/OINTINO, — One of the most important, if not 
the most important, part of the wiring of 
buildings is the making of proper joints in the con- 
ductors. Badly made joints are very likely to give 
trouble in course of time, although it may be years 
before the defects become apparent. Unfortunately, 
there are no means of detecting bad joints when once 
they have been concealed in the casings or tubes, 
and nothing is more annoying than to discover 
their existence after the completion of a building in 
which, perhaps, there are elaborate decorations and 
paintings. Many thousands of pounds have been 
spent in rectifying joints which have been dis- 
covered to be bad too late, and it cannot be urged 
too strongly that the utmost care should be exer- 
cised in the first instance in putting in work that 
is thoroughly reliable. To make good joints takes 
time and experienced workmen — any man can make 
bad joints and scamp the work, and it is hardly an 
exaggeration to say that in nine cases out of ten in 
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cheap and bad work the faults can be traced to bad 
jointing. Most engineers can show specimens of 
inferior joints taken from buildings where faults 
have appeared, and it is very interesting to note 
how moisture has in some cases made its way to the 
conductors, and in others how defective soldering 
has led to a break in the circuit or corrosion of 
the conductors due to the use of spirit as a flux, 
instead of resin. After joints are made and insul- 
ated, it is sometimes found that the insulation of 
the whole is not as good as it should be. This is 
probably due to allowing the outer braiding of the 
cables to come in contact with the conductors, in 
which case the insulation is at once lowered, as the 
braiding is a partial conductor and should be very 
carefully stripped back, thus exposing the vulcan- 
ized rubber, over which the pure rubber strip is 
subsequently wound. 

In the case of small conductors, not larger than 
say 7/14, it is comparatively easy to make joints, but 
for cables larger than this it is not so easy. In fact, 
the work is somewhat of the same nature as splicing 
ropes, and just as difficult to perform neatly and 
efficiently. In the case of cables of large diameter 
jointing becomes a work of considerable difficulty, 
great skill being required to produce a really satis- 
factory result. No better description of the best 
method of making joints and insulating them can 
be given than the published instructions of some 
of the leading cable manufacturers, and the follow- 
ing illustrations and instructions are issued by 
Messrs. Verity, Ltd., of Birmingham : — 
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" First cut the taped or braided outer covering of 
the cable off for a distance of about 6 inches from 
the end of each cable. Next cut the vulcanized or 
pure rubber and other coverings at a distance of 
about 44 inches from the cable ends, and remove it 
entirely, leaving the conductor exposed. The IJ 
inches of rubber left standing should be neatly 
tapered with a sharp knife, as shown in the illus- 

JOINTING. 




Fig. 1. 

trations. The strands are then separated ready for 
' marrying,' as shown in Fig. 1, and the centre 
wire or core cut out. Before jointing all the 
wires must be most carefully cleaned with fine 
emery paper, and the body of the conductor tightly 
twisted together up to the point where the strands 
separate. 

" The mode of ' marrying ' the conductors is made 
plain in Fig. 2. The six strands of each cable pass 
alternately through those of the other. The con- 
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Fig. 2— The Ends "married; 




Fig. 3. 



Fig. 4- 
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ductors are pressed together end to end, and the 
strands of one cable are twisted round the conductor 
of the other, land vice versd. Care should be taken 
in twisting these to follow the same direction of 
turn as the body of the stranding in the conductor. 
The joint has now reached the stage shown in Fig. 
3, and is ready for soldering. Resin only should be 
used as a flux, and the solder should be allowed to 
thoroughly permeate the joint. Rubber solution is 
next applied, and this should be rubbed evenly, in 
not too large a quantity, all over the surface of the 
joint, and of the exposed inner insulation. Pure 
rubber strip is now tightly bound in two layers 
throughout the whole length of the joint. A small 
allowance of india-rubber solution should be again 
applied to securely amalgamate the layers of tape. 
One or two layers of prepared or black tape are 
bound over all, and these again should receive an 
application of solution, the latter being well rubbed 
in. The joint is then finished, and Fig. 4 affords a 
good illustration of its appearance. 

" Joints in single and 3-strand wire are usually 
made in the ordinary ' twist ' form, and then 
soldered and insulated as described above. 19, 37, 
and sometimes 61-strand cable is ' married ' in the 
manner above described, the whole of the core being 
cut out, leaving only the outer strands. The cores 
are carefully butted tightly together, and the joint 
is proceeded with as above. Binding wire will be 
found useful in these cases f(5r holding the large 
number of strands in place while the joint is made. 

" In the case of a branch wire or cable being re- 
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quired to be tapped on to another of larger dimen- 
sions, there are two modes of joints in general use. 
One is on the T principle, and consists in tapping 
the branch conductor direct on to the main cable 
at the point where the off-shoot is required. The 
second is the parallel method, and is preferable in 
most cases, from being easier to insulate and other 
reasons. In making a parallel branch connection, 
the cable is stripped for about two inches at a point 
several inches further back than that at which the 
actual branch wire is desired to emanate. The end 
of the smaller conductor is stripped and cleaned for 
6 or 8 inches and thrust between the strands of 
the cable. The latter is pinched tightly over the 
branch conductor, which is then wound strand by 
strand and tightened round the exposed portion of 
the cable. The insulated part of the branch wire is 
kept close to and parallel with the main cable 
until the point is reached where it is wished to 
take the direction of the tapping. It will be seen 
that this method makes it an exceedingly easy 
matter to arrange for the tapping to leave the main 
at the exact point required ; and the actual joint, 
moreover, does not immediately face the outlet 
opening in the casing, as is the case where the direct 
T system is adopted. 

" The insulation of the parallel branch joint is 
carried out in the ordinary way, care being taken to 
tape the insulated parts of main and branch con- 
ductors tightly together, and to see that the space 
between them is amply filled with good insulating 
material." 
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The following instructions are issued by the 
India-rubber, Gutta-percha and Telegraph Works 
Co., Ltd., for making joints in 19-strand and 37- 
strand cables : — 

*' For a 19-strand cable the conductor should be 
bared to a suitable length, and a small binder tied 
round the ends next to the rubber to keep the 
strand in place. The 12 outside wires should then 
be unstranded and turned back. The central 7- 
strand should then be soldered up and jointed as 
a solia conductor. To joint the 12 wires over this, 
every alternate wire should be cut off short, and 
the two sets of 12 married, that is, the long wire 
from the one end jointed to the short wire on the 
other, and so on round the central strand ; thus half 
the joints on the single wires will be on the one side 
of the joint in the central strand, the other half 
being on the other side. The joints in these single 
wires need not be scarfed, but only butted together 
at each end of the joint, where the long and short 
wires are soldered together, a narrow whipping of 
binding wire should be put on at each end and 
soldered, the whole being then filed down smooth. 

" For a 37-strand cable the same method is fol- 
lowed out, with the addition that the 18 wires sur- 
rounding the 19-strand joint are married in the same 
way." 

In certain cases, more especially in damp situa- 
tions, it is advisable to vulcanize the joints so that 
the insulation throughout is homogeneous. The 
various cable manufacturers have different methods 
of carrying out the vulcanizing of cables, and special 
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insulating materials are sold for making vulcanized 
joints. Speaking generally, the process consists in 
heating the insulated joint to a temperature of 
nearly 300° Fahr., and maintaining this temperature 
for about half an hour. 

The following instructions for vulcanizing joints 
are issued by the India-rubber, Gutta-percha and 
Telegraph Works Co., Ltd. : — 

" When the conductor joint is finished, the rubber 
should be carefully trimmed and cut with as long 
a bevel as possible, according to the thickness of 
the rubber, the copper conductor and the bevelled 
ends should then be rubbed with pure benzole, 
and slightly heated with a spirit-lamp. The con- 
ductor and the bevel edges of the rubber should 
then be lapped with a pure rubber strip laid on as 
tightly as possible in one or two layers, according 
to size ; this pure rubber should then be covered 
with special rubber solution, rubbed in so as to 
exclude air as much as possible ; the joint should 
then stand until thoroughly dry. When the 
solution is sufficiently dry, and will not adhere 
to the fingers, the rubber strip should then be 
lapped on spirally, forming an uniform covering 
over the first coat of pure rubber, care being taken, 
by lapping tightly and evenly, to exclude all air. 
This rubber should be put on in two or more layers, 
until the diameter is equal to that of the original 
insulation, and over this a layer of tape strip should 
then be applied, the whole joint so made slightly 
exceeding in diameter that of the original insula- 
tion. When so completed, the next process is 
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that of vulcanization. To do this it is necessary 
to cover the joint with special sheeting cut to the 
whole width of the joint and firmly rolled round 
it, making a longitudinal seam, binding the sheeting 
over all by a strong cotton sejvedge tape applied 
spirally, and as tightly as possible by hand. The 
sheeting thus will serve as a mould to keep the 
joint together during the process. The joint should 
then be fixed in the ' cure ' (a cast-iron box) and 
the cover bolted on, to prevent damage to the 
original insulation, and to make the box tight, the 
insulation on each side of the joint,, and at the 
proper distance to fit the cure, should be lapped 
with two or more coats of tape to cover the original 
insulation down to the point of junction. When 
the cure has tiius been made tight, molten sulphur 
compound, previously melted in a suitable pot, 
should be poured into the cure round the joint, 
through the small hole in the top of the cure, and 
a suitable thermometer afterwards inserted in this 
hole to enable the temperature of the sulphur com- 
pound to be noted. This temperature should be 
kept as constant as possible between 290° and 300° 
Fahr. by means of a spirit-lamp. 

" After the joint has been kept at the full tempera- 
ture for about half an hour, the molten sulphur is 
run out, and the cure cover unbolted. The joint 
should then be taken out, the wrappings stripped 
oflf, and it will then be found to be vulcanized. A 
rough test of the degree of vulcanization may be 
made by trying with the thumb-nail (when the 
joint is cool) to indent it. If the mark of the nail 
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remains in the rubber, or if the rubber is too hard, 
the joint is a failure, and should be cut out and 
re-made. If the joint thus examined is found to 
be in good order, it should be finished off by lapping 
overall special tapes (No. 726), extending, say, over 
about two inches each side of the braiding ; this 
taping to be then painted with shellac varnish. 

" When insulating with rubber the hands should 
be kept dry and perfectly clean. When solution is 
used it should only be used in small quantities, 
and the spirit allowed to evaporate before the 
whole is again covered up. The spirit used should 
be of the best quality, so that it evaporates quickly, 
and leaves little or no residue behind. Special care 
should be taken that the rubber appUed should be 
brought into immediate contact with the prepared 
ends, and that no tapes of the original insulation, 
or foreign material which would conduct moisture, 
should intervene between the two surfaces to be 
joined. Unless everything used is perfectly clean, 
and all air excluded by careful and tight lapping, the 
joint may be found to have blown, even though the 
rubber is properly vulcanized. Special attention 
therefore is directed to these points. 

" If during vulcanization the temperature should 
drop below 290°, the heat will require to be main- 
tained for a longer time ; say if at 280°, the cure 
would last for about three-quarters of an hour 
instead of 30 minutes ; but it is important that the 
temperature should be kept as constant as possible 
between the limits of 290° and 300° Fahr." 

The accompanying illustration shows a " cure " 
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as used for vulcanizing joints for wiring work made 
by Messrs. W. T. Glover & Co., of Salford. 

The apparatus consists of two pairs of heaters or 
cures (shown in the figure with handles) and four 
pairs of dies for accommodating cables up to 19/188, 
also a thermometer registering up to 400°. 

After the joints are made by the methods already 
described, the heaters are placed in an ordinary 
brazier's stove or over a fire until they attain a 
heat of 320° Fahr. This can be tested by inserting 
the thermometer in the aperture provided for the 
dies. If the thermometer registers over 320°, the 
cures must be allowed to cool. When the joint is 
prepared the dies should be fastened on securely, 
care being taken to see that they fit tightly. In 
order to " cure " the joint fix one set of cures on to 
the dies, and leave them on for 15 ta 20 minutes, 
then replace with the second set heated as before. 
Small joints require 30 minutes, larger joints from 
40 to 45 minutes. 

Wood-casing System of Wiring, — Having described 
in the previous chapter the general arrangement of 
conductors in a building, it is necessary to enter 
more fully into the details of fixing and protecting 
the conductors. 

By far the larger proportion of buildings that are 
wired have wood casings fixed to protect the con- 
ductors, and although many objections have been 
made to this form of protection, the fact remains 
that it still finds favour with most electricians, 
and appears likely to do so in the future where 
the conditions are favourable to its employment. 
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This system may be employed with advantage in 
dry situations, provided it is not Ukely to be sub- 
jected to severe mechanical injury. It is therefore 
extensively used in dwelling-houses and other build- 
ings where these conditions prevail, and in spite of 
the rival claims of other methods which are being 
strongly put forward, it will probably hold its own 
on account of its cheapness and the ease with which 
it can be fixed. It also has this great advantage, 
that wherever it is run on the surface, it is quite a 
simple matter to get access to the conductors at 
any point in order to fix additional lights, or to alter 
the position of lamps or switches. 

Wood casing consists of lengths of wood with 
grooves separated by a central fillet to take two 
conductors, and when these are placed in it a cap- 
ping is screwed on. American whitewood is mostly 
employed for this purpose, as it is not greatly 
affected by change of temperature, and can be 
obtained without knots and flaws. It also has the 
advantage of being cheap. The casing and capping 
should be thoroughly painted inside and out with 
two coats of priming, and the capping fixed by 
screws, not nails. 

The grooves should be large enough to admit of 
the conductors being easily drawn in and out when 
the capping is screwed on, and the following table 
gives the width of grooves to be employed for the 
more general sizes of conductors, assuming the 
insulating material to be of vulcanized rubber with 
the tape and braiding usually employed for 600 
megohm cables : — 
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Table for Sizes of Casings. 



Size of Cable. 



3/22 7/21i 
7/18 19/20 
7/16 19/18 
7/14 19/16 
19/14 37/16 
37/14 



Width of each 


Width of 


Groove. 


Casing. 


i inch 


IJ inches 


7 

Trt " 


2i ., 


h .. 


2i „ 


i .. 


3 


i .. 


4^ .. 


1 „ 


5 



For small casings the capping should be thicker 
in the centre than at the sides, and the screws fixed 
through to the centre fillet of wood ; in sizes larger 
than If in. width the screws should be placed on 
the outsides of the grooves. 

Under no conditions should casing be placed be- 
hind wet plaster or in damp places. A metallic 
covering of some description, such as composition 
tubing or iron barrel, should be used under such 
circumstances, as wood absorbs moisture very 
readily, and may thus give rise to considerable 
leakage through earth connections. 

Workmen who have been trained as carpenters 
or joiners should be employed to fix casings and 
fuse-boards, as this work cannot be done efficiently 
by the ordinary wireman or with cheap labour. 
In buildings where inferior labour has been em- 
ployed, it is not unusual to find lengths of casing 
come away from the walls, bringing |,with them 
switch and ceihng rose blocks, owing to the walls 
being plugged inefficiently, so that when changes 
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of temperature occur the plugs come out and the 
casings fall. 

In order to avoid the dangers arising from short 
circuiting, great care should be taken that both 
positive and negative conductors should not be 
placed in the same groove in casings. Many en- 
gineers will not allow even two conductors of the 
same polarity to be placed in the same groove, 
although there may be no difference of potential 
between them. We consider, however, that 
" bunching " of conductors, as it is termed, in the . 
same groove should be allowed, provided they are 
of the same polarity, for in this case no short cir- 
cuiting can occur should the wires come in contact 
with one another. From an economical point of 
view it is advantageous to put several conductors 
in a groove, as the cost of labour is lessened, and in 
addition to this the mechanical strength of a larger 
casing containing many conductors is greater than 
that of a number of smaller casings laid side by 
side. 

It must be remembered that that portion of a 
conductor between a lamp and its switch may be- 
come either positive or negative according to the 
position of the switch ; that is, whether it is turned 
off or on. Thus, in the figure, if the switch is " on," 
the length of conductor between A and B is nega- 
tive ; but when it is " off," the connection to the 
negative source is broken and it becomes positive, 
as the connection to the positive source is still 
intact through the lamp, and a voltmeter connected 
across the terminals of the switch when in this 
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position would register the voltage of the installa- 
tion. It is necessary therefore when " bunching " 
to remember that conductors between lamps and 
their switches may be either positive or negative, 
and should not therefore, theoretically, be placed in 
the same grooves, although the worst that could 
happen, should the wires come in contact, would 
not be a short circuit, but merely the connection 



B 

SWITCH 



vL/ 



LAMP 



Diagram showing voltage on switch terminals. 



of two or more circuits in such a way that each 
switch would not act independently of the others. 

In order to simplify the wiring of houses, it is 
an excellent practice to employ cables of different 
colours for conductors of opposite polarity. Red 
and black are the colours generally used. It is then 
easy to arrange that all the switch wires shall be 
on one pole, and when testing for faults from the 
main switches it is easier to localize the faults. 

When fixing the fuse-boxes, a description of 
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which will be given later, the casings should be 
taken right into the boxes and plenty of room al- 
lowed for the wires, so that the positive and nega- 
tive wires cannot come in contact with one another 
behind the insulating panels. For this reason the 
insulating slabs should be well packed away from 
the walls, and all connections made in front of the 
boards. Badly designed fuse-boards are frequently 
a source of trouble, owing to the wires behind them 
being pressed together and bent at sharp angles. 

Cleats, — In many mills and factories where power 
is available for electric light purposes, and cheapness 
is an object, the conductors may be fixed by means 
of wooden cleats, thus dispensing altogether with 
wood casing. This method has much to recommend 
it, provided always the fire risk is not a hazardous 
one and the insurance companies will pass the 
installation. The conductors can be very easily 
fixed in this manner and the labour bill much re- 
duced. The cleats should not be used, however, 
unless the conditions are such that the conductors 
are not liable to injury. In cases where it is pro- 
posed to employ them, leave should first be obtained 
from the fire insurance companies interested. Teak 
or some hard wood is used as the material from 
which they are made, and the distance between the 
conductors must never be less than IJ inches. 
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CHAPTER V 

Metal Tube and Concentric Systems of 
Wiring 

IN these systems the cables, instead of bemg pro- 
tected by wood casing, are drawn into ordinary 
tubes made either of iron or brass. The tube forms 
an excellent mechanical protection as it is water- 
proof and nails and screws cannot pierce it, but 
it is more expensive in first cost than casing, and 
when once it is fixed it is not easy to alter the 
position of the lights. At the present time iron 
barrel is more largely used than any other kind of 
tubing, and it can with advantage be employed 
in installations where the expense of wiring is not 
a first consideration, and nothing can be more suit- 
able in buildings where it is necessary to have 
the wiring put in during the early stages of erection. 
In these cases the iron barrel can be fixed, and the 
wires drawn in afterwards by means of cords left 
for the purpose. 

Instead of making joints in the tubing in the 
usual manner by T-pieces, special junction boxes 
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are provided, so that the cables can be drawn in 
in sections and the joints made in these boxes. 
The illustration shows a usual form of junction box 
with a lid, which is fixed with screws. The joints 
in these boxes are sometimes made in the ordinary 
manner already described, and sometimes by means 
of screwed clamps insulated from the metal of the 
box, and more frequently perhaps, by means of a 
grooved metal button resting on a porcelain in- 





Janction box and lid. 



sulator, in which case the ends of the conductors 
are soldered into the grooves of the button, and an 
insulating disc placed over the joint to prevent it 
making contact with the lid. 

In new buildings many contractors put in the 
iron tubing before the plastering has been begun, 
and the conductors can then be drawn in after the 
decorations have been completed. 

With long vertical runs of iron barrel (such as 
are frequently used up lift and air shafts) the whole 
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weight of the cables may press agamst the edge 
of the barrel at the top and chafe through the 
insulation. Precautions must be taken to avoid 
this by carefully fixing a good insulating material 
between the cables and the edge of the tube. 

Where the iron barrels enter the fuse-boxes, nuts 
and washers must be placed on both sides of the 
outer case of the boxes to make the joints water- 
tight, and wherever possible the bends of the barrel 
should be made as easy as possible. 

It is usual to draw both positive and negative 
conductors into the same tube, and many engineers 
consider the mechanical protection so good that 
they allow the use of comparatively lightly insu- 
lated conductors, as these are, under the circum- 
stances, quite as serviceable as those of higher 
insulation, provided always that sufficient care has 
been taken in drawing in the conductors in such 
a manner that mechanical abrasions are avoided. 

An objection sometimes made to the use of iron 
barrel is that moisture condensing in the interior 
may impair the insulation of the cables, and to avoid 
this, and at the same time provide a smooth inner 
surface free from burrs and projections, an insulated 
lining is manufactured by some firms consisting of 
wood or special insulating material. The expense 
of using tubing of this description is considerable, 
and it is doubtful for this reason if it will come 
into very extensive use. 

A new system of steel tubing has lately been 
introduced, known as the " simplex " steel conduit. 
This tubing is much cheaper in first cost than any 
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other, and at the same time easier to fix ; it is there- 
fore commanding a large sale. 

The tubes are formed of thin steel covered with 
a coating of enamel inside and out to prevent rust, 
and at the same time present an insulated surface 
to the cables. The following table gives the sizes 
in which the tubes are made, also the thickness of 
the metal and the weight per 100 feet run : — 

Simplex Tubes. 



I Approximate ex- , 

I temal diameter , 

I in inches . . ! 

, Exact external i 



diam. in inches 



Exact internal , 
diam. in inches 

Weight in lbs. per 
100 feet . . ; 

Standard Wire , 
Gauge . . . j 



4 


f 


i 


i 


51 


•64 


•77 


•88 


42 


•54 


•67 


•77 


19 


24^5 


32 


43 


20 


20 


19 


18 



1 


1 • 

1 n 


101 


1-25 


•89 


113 


51 


84-5 


18 


16 



1-5 

V48 I 1H7 

101 VA2 

16 I in 



The tubes can be cut either by means of a hack- 
saw or by fiUng, and the ends after cutting should 
be carefully smoothed. 

Fig. 1 shows a T-piece, and the method of joint- 
ing the tubes. It also shows a reducing nipple fixed 
into the vertical arm of the T-piece. From the 
sectional view it will be seen that the tubes fit 
closely into the T-piece, and abut against a shoulder 
made for the purpose ; no fitting or screwing is 
required, nor is the sectional area of the passage 
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reduced at the joint ; similarly, the reducing nipple 




Fig. 5. 



is provided with a shoulder on the inside, so that 
the smaller tube can be pushed up against it. 
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Fig. 2 shows what is called an inspection bend ; 
it is provided with a Ud in order that joints can 
be made and inspected at any time if necessary. 
Fig. 3 shows an inspection T-piece made on. the 
same lines. 

Junction boxes are made to suit the various com- 




FiQ. 6. 



binations required for wiring purposes, and different 
forms of these are shown in Figs. 4, 5, and 6. 

It cannot be said that this system of tubing is 
absolutely water-tight ; it is very nearly so, how- 
ever, and might well be employed in any situation 
under cover. 

To a certain extent it is possible to bend the 
tubes cold ; this can be done by boring a hole in a 
piece of hard wood about 2 feet long x 2 in. x 3 in., 
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threading this on the tube and using it as a lever 
to produce the desired bend. This method must 
not, however, be employed on tubes of greater 
diameter than } in. 

It may be mentioned that a | in. tube will take 
four cables of 3/22, and one of | in. will take no 
less than eight. 

If the cables are drawn in after the tubes have 
been fixed, it must be remembered that they should 
not be drawn past more than two bends at a time. 

Other descriptions of tubing are used, such as 
Muntz metal and brass tube, in which case each 
conductor is usually run in a separate tube ; and 
there is also a system in which the tubes are made 
of compressed paper, special brass end fittings being 
employed for junctions and for fixing into junction 
boxes. 

Concentric Wiring, — In systems termed concentric 
both the conductors are contained in one cable, only 
one of which, " the inner," is insulated. The other, 
called the " outer," consisting of stranded wires, is 
laid concentrically over the insulation of the inner, 
and forms the " earthed return," which means that 
no precautions are taken to insulate the outer con- 
ductor from the earth. Manufacturers of concentric 
apparatus employ various kinds of cables, and in 
some cases a metal tube is used as the earth return, 
the inner conductor being drawn into it, and con- 
sisting of an ordinary vulcanized cable. 

From the above it will be seen that as only one 
of the conductors is insulated, the difficulty of ob- 
taining good insulation tests is much lessened ; and 
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Concentric system junction box connections. 
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as all switches and fuses are placed on the insulated 
wire only, these are made single-pole instead of 
double-pole, a great gain in simplicity, as every 
switch and fuse is something liable to get out of 
order, and the more these pieces of apparatus can 
be reduced in number the better. 

In the fittings the inner conductor only is taken 
to the holders, the connection to the outer being 
made either by the metal of the fitting itself, if it 
is of the nature of a bracket, or else by a special 
copper-braided flexible cord, if the fitting is a pen- 
dant. It will thus be seen that the outer forms 
one complete metallic conductor throughout the 
system, completely enveloping the inner conductor 
in a water-tight manner ; and since it is purposely 
" earthed " at convenient points it is impossible 
that any «hock can be received from it. As re- 
gards danger from fire this system is the safest, 
inasmuch as any sparks or arcing due to the electric 
current must take place inside the outer conductor, 
and as the air cannot enter, the worst that could 
happen would be a partial melting of the cable, and 
this would be an impossibility with carefully ar- 
ranged fuses. 

The chief objections at present to the system are, 
first, that the cost of the materials is higher than 
those used with wood-casing systems, and, secondly, 
supply companies using direct currents will not 
allow any installation " earthed " on one pole to 
be connected to their mains. This is owing to the 
fact that should an " earth " on the opposite pole be 
developed anjrwhere on the system of network 
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(which includes in most cases many hundreds of 
miles of cables) short circuits would be set up and 
lead to serious trouble. This objection does not 
apply to the same extent with companies supplying 
alternating currents, as transformers can be em- 
ployed for any special installation, and an earth on 
the secondary of the transformer would not be trans- 
mitted to the high tension mains. No doubt as 
concentric wiring comes more into vogue, as it is 
certain to do, the cost of the materials will be 
reduced. 

JjMr. Andrews, of Putney Bridge, Fulham, and 
Messrs. Mavor & Coulson have been the chief 
pioneers in concentric wiring. In principle their 
systems are the same, but in detail the developments 
have been carried out on different lines. 

In Messrs. Mavor & Coulson's system no cable 
smaller than a single 14 gauge or 7/21 J is used, and 
for Ughting these cables are used for 5 ampere cir- 
cuits starting from the distributing boards. The 
outer conductor consists of copper strands wound 
spirally over the insulation, and over this a lead 
sheathing is drawn to make the whole water-tight. 
In order to protect the cable further, an armouring of 
galvanized iron wires can be used over the lead, but 
in the majority of cases for small cables this is not 
necessary. All the cables used in concentric wiring 
are flexible, and can therefore be easily bent round 
corners where necessary. 

Messrs. Mavor & Coulson issue the following in- 
structions for jointing their cables : — 
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Instructions for Making Joints. 

A. Prepare the cables as shown in Fig. 2, p. 70, 
as follows : — 

(1) Cut away the lead sheathing and the outer 

conductor from a length equal to the 
diameter of the central chamber of the 
junction box. 

(2) Remove the insulation to expose a sufficient 

length of the core to allow of the central 
contact button (6 Fig. 1) being soldered 
to it. 

(3) Remove the lead sheathing to expose the 

copper of the outer conductor at the points 
corresponding with the jointing pockets 
of the junction box, but leave sufficient 
lead sheathing projecting into the pocket 
to ensure its being properly jointed there- 
to. An angular strip of lead sheathing, 
one-eighth inch wide, should be left to fill 
the opening to the central chamber and 
prevent the solder flowing into it. 

(4) If the outer conductor is not already tinned, 

the parts exposed for the jointing pocket 
should be carefuUy tinned. 

B. Solder the contact tip to the inner conductor 
as shown in Fig. 3. 

C. Lay the conductor into the junction box as 
shown in Fig. 4. 

D. Fill the pockets (a and b Fig. 4) with solder, 
using resin as a flux. A heavy soldering bolt, a 
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melting pot and small ladle, or a jointing lamp may 
be used (a jointing lamp is to be preferred, except 
for large junctions), and care must be taken to heat 
the junction box sufficiently to make the tinning of 
the jointing pockets run. 




Fio. 1. 

E. Lay the insulating disc (c Fig. 1) in the central 
chamber of the junction box. 

F. Lay the tinned brass disc on the back of the 
junction box (d Fig. 1) in the tinned recess provided 
for it, and solder it to the box. The junction is then 
complete. 

The above describes the process of making a 
throughway junction tapped for a fitting ; and all 
other junctions, whether tapped for fittings or blind, 
are similarly effected. 

When joining armoured cables, each strand of 
the armouring should be separately tinned before 
the cable is placed in the junction box. 

Fig. 1 gives a plan and section of the junc- 
tion box showing the insulating air space. The 
boxes are made of cast brass, tinned aU over, to 
facilitate soldering, and it will be noticed that 
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in making branches for 
pendants the inner con- 
ductor is not broken, and 
long lengths of the cable 
can be tapped at any de- 
sired points without cut- 
ting the inner conductor, 
provided switch-holders 
are used for the lamps, 
as is generally the case. 

Fig. 2 shows a variety 
of junction boxes, in plan 
and elevation, used for 1, 
2, 3 or 4 ways, and made 
so that fittings can be at- 
tached to them or other- 
wise. 

Fig. 3 shows a main 
switch-board in which aU 
the switches are placed 
on the inner conductor, 
which enters at the bottom 
and leaves in 4 circuits at 
the top. It will be noticed 
that the outer conductors 
are all connected together 
by a rectangular copper 
frame. 

A 4-way distribution box 
and pendant circuit are 
shown in Fig. 4. These 
boxes are usually made of 
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iron. The inner conductor enters the box and is 




Fig. 3.— Main switch-board for concentric system. 

soldered to the copper bar, from which the 4 circuits 
are taken through the fuses. The fuse blocks are 
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Fio. 4.— Subdistribution fuse. 
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porcelain cylinders of U section with countersunk 
ends. The contact tips rest in these countersinks, 
and are held in position by the fuse wire, which is 
soldered to them. The fuse-block is readily fixed in 








Fig. 6.— Top nipple for pendant. 



Fig. 5. 
Doable nipple. 





Fig. 7. 

Bottom nipple for pendant. <^imbal fitting. 




Fig. a— Switch: 



position or released by operating the milled screw 
shown in the illustration. The branch conductors 
leave the box through sockets similar to those used 
for the mains. The branches being of uniform sec- 
tion, the fuses are uniform and interchangeable. 
With this system central contact incandescent 
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lamps are used, and the lampholders consequently 
have a single central contact. Fig. 6 shows a double 
nipple to fit a junction at one end and lampholder at 
the other, and pendant nipples are shown in Pig. 6, 
the top being used for screwing into the junction 
box, the bottom nipple for the holder being con- 
nected to the top by means of a flexible cord. In 
cases where electroliers with brass tubes are em- 
ployed a gimbal fitting is employed, illustrated in 
Pig. 7. 

In order to show how the details of this system 
have been worked out, an illustration of a switch 
is given in Pig. 8. In this case the metal rim is 
used as the outer conductor. It is unfortunate in 
this system that both conductors must be brought to 
any switch although the switch connections only 
require one. 

In Pig. 9 the method of making the connection 
to the terminal of a switch and earth bar is shown, 
and in Pig. 10 a somewhat similar arrangement is 
illustrated for making the connections for 2 arc 
lamps in series on 100 volts. 

Brass tubing is now being employed to some 
extent as a protection for cables, and in many cases 
the tube itself is used as the return conductor, in 
which case junction boxes somewhat similar to those 
already described are used. 
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CHAPTER VI 
Electrical Accessories 

HAVING described the various systems of wir- 
ing at present in use, the various accessories, 
such as cut-outs, ceiling roses, switches, etc., used in 
installation work must be described. 

Chief of these are the fuses and fuse-boards. As 
mentioned in a former chapter the current in any 
circuit, before it reaches a lamp, or group of lamps, 
has to pass through a piece of easily fusible metal, 
usually a mixture of lead and tin, and if any marked 
excess of current occurs the fuse at once " blows " 
or melts, automatically cutting oflE the current. 
Now in order to put in the right size fuse wires it 
is necessary to know the currents at which they 
will melt. Unfortunately, however, it is not an 
easy matter to arrive at definite rules, as a given 
fuse wire will melt at diflEerent currents under 
varying conditions ; thus temperature, length of 
wire, size of terminals of the fuses, and contact 
surface, all influence to some extent the melting 
ciurent of the fuses, and in addition to this oxida- 
tion and disintegration of the fuse wire play an 
important part in determining how long a fuse will 
last. 
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Long lengths of a given fuse wire will melt at a 
certain current, within smaU limits, under the usual 
conditions of temperature ; but in practice lengths 
of only an inch or two are used, and then the size and 
shape of the terminal exercise a modifying influence 
on the melting current, and a fuse wire that in 1 
yard lengths might carry, say, 6 amperes, would in 
2 inch lengths carry, perhaps, double that amount 
of current, as the heat developed would be carried 
to the terminals and the copper wires, and thus 
be quickly dissipated. 

In order to arrive at the melting current of uses, 
as actually used, direct experiments must be made 
with the fuse wire made up and fixed to the ter- 
minals of the fuse in which it is to be used, then 
known currents are passed through until the melt- 
ing current is reached and recorded. It is quite 
useless to buy what is known as, say, 6 ampere fuse 
wire, then to attach it to the terminals and expect 
it to melt at exactly 6 amperes. 

Most makers now sell fuses already made up with 
fuse wires adapted to currents from 6 to 100 amperes, 
and the melting currents are ascertained experi- 
mentally before being sent out, so that reliance can 
be placed on their melting with about the right 
currents. 

Many engineers specify that fuses shall melt at 
about 60% current in excess of that which the 
circuit will carry when fully loaded ; thus a 6 
ampere fuse should melt at TJ amperes and a 10 
ampere fuse at 16 amperes. 

Tor large main fuses it is a good rule to so ar- 
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range the size of fuse wire that, with fuU load 
current, the fuse becomes just warm to the hand, 
the terminals remaining cold ; under these cir- 
cumstances any large excess of current would at 
once melt the fuse. 

Under no conditions should the terminals of Ja 
fuse be allowed to become hot, otherwise the fuse 




Fig. 1. 



wire does not get a fair chance of dissipating its 
heat, and is likely to melt with too low a current, 
with the result that, in all probabihty, a copper wire 
will be inserted, which will not melt at all, and is a 
source of danger instead of a protection. 

For fuses carrying large currents pure tin is 
largely employed, and is not easily oxidized, and 
being fairly hard can withstand the pressure of 
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the clamping screws of the fuse terminals. It may 
be mentioned here that large fuses are seldom made 
to melt at 60% excess current. For short periods 
a large excess of current can always be passed 
through a large fuse, as a sensible period of time 




Fig. 2. 

elapses before the temperature rises sufficiently to 
melt the wire. % 

Figs. 1 and 2 show a double-pole porcelain fuse 
for about 10 amperes, such as is often used for fixing 
direct on to casings, and Fig. 3 illustrates a larger 
main fuse enclosed in a cast-iron case with thimbles 
for the cables projecting through insulated glands 
in the case. This type is much to be recommended 
for damp situations. 

In order to serve as a guide for determining ap- 
proximately the sizes of fuse wires that may be em- 
ployed for cut-outs, the following table gives the 
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melting currents of various gauges of a special fuse 
wire as made by Messrs. W. Glover & Co., Ltd., of 
Manchester : — 



Fusible Wire for Cut-outs» 
According to Sir W. H. Preece's Table. 







Current 




Diameter. 


required 


Approximate 
S.W.G. 




to fuse. 






Incb. 


Ainpferes^ 


84 


01548 


100 


90 


01443 


90 


94 


01333 


80 


100 


01220 


70 


110 


01101 


60 


124 


00975 


50 


130 


00909 


45 


13i 


00840 


40 


14J 


00769 


35 


150 


00694 


30 


160 


00614 


25 


170 


00529 


20 


^90 


00437 


15 


210 


00334 


10 


250 


00210 


. 5 


260 


00181 


4 


280 


00149 


3 


310 


00113 


2 


360 


00072 


1 



Fuses are generally grouped together and placed 
in cases with glass fronts, the mains being soldered 
to straight bars of gun-metal or copper, to which 
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the fusible wire for the branch circuits is connected. 
Figs. 4 and 6 show a very good type of fuse-box 
and fuse as made by Messrs. Verity, Ltd. In this 
the fuses are easily replaceable, and each fuse is 
marked with the current it has to carry ; it will be 
noticed that the fuses are placed on each pole. 




Pig. 3. 

Main Switches and Fuses. — These are used to con- 
trol all the lights in a building, and are usually double- 
pole ; that is, there is a switch and fuse to each pole, 
the switch handles being so arranged that one move- 
ment controls both switches. The essential requi- 
sites of a good switch are, good and strong mechanical 
construction, ample contact surfaces and sufficient 
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UPTO 5 AMP 





Fig. 5. 
Types of Fuses. 

87 



INTERNAL WIRING OF BUILDINGS 

metal for a current density of not more than 250 
amperes per square inch, and a quick break. It is 
usual to mount the working parts either on enamel- 




FiG. 1. — Switcli-board with fuses. 



led slate or porcelain, and if two switches are con- 
nected together by a common handle-bar each switch 
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should be mounted on a separate base. The handle 
must, of course, be insulated, in order to prevent any 
possibility of shocks. Figs. 1 and 2 show very good" 
specimens of a 4-way switch-board and double-pole 
switch and fuse. 




Fig. 2. — Main double-pole switch and fase. 



Branch switches for controlling single lights or 
smaU groups of lights are usually single-pole, and 
should be made on much the same lines as the larger 
switches. Fig. 3 shows the now well-known 
Tumler switch, and in Fig. 4 an ordinary porcelain 
switch is shown. In damp situations the Tumler 
switches should not be used, as they have metal 
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covers, and should one of the terminals touch the 
cover the handle would no longer be insulated. 




Fig. 3.— Tumler switch. 




Fig. 4.— Porcelain switch. 



Two-way Switches, — These are largely employed 
in cases where it is necessary to control a light from 
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two points. Pig. 5 shows diagrammaticaUy the con- 
nections and method of employing these switches ; 
Messrs. Verity, Ltd., make a very neat switch of 
the Tumler pattern for the purpose, and this is 



"L 



>» 4 LAMP 



Fig. 5. — Diagram showing connections for two 2- way switches. 




Fig. 6.— 2.way switch. 

illustrated in Fig. 6. There are three terminals, as 
in the diagrammatic sketch, but two only are seen 
in the figiu'e, as the third is behind the handle. 

The principle of 2-way switches may be further 
developed so that a light may be controlled from 
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three or any number of points by employing switches 
with four terminals. The connections in the figure 
are, in Fig. 1, shown for controlling a light from 4 
points altogether. The arrangement looks at first 
sight complicated, but the two centre switches are 
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Fig. 1.— Diagram showing connections for controlling a lamp 
from four points. 

merely commutators for changing the current from 
one wire to the other. 

Ceiling roses are usually made of porcelain, and 




Fig. 2.— Ceiling rose and cover. 

used in conjunction with ordinary pendant fittings 
for the purpose of making a neat and satisfactory 
jimction between the stranded conductors and the 
flexible cords of the fittings. With ordinary pres- 
sures of 100 volts or less, a fuse is generally intro- 
duced ; a good type is shown in Fig. 2. 
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It is often convenient ta have an arrangement by 
which a flexible cord can be easily connected to 
the conductors for portable or standard lamps. Such 
an arrangement is called a wall socket, and consists 
of two parts, one fixed to the conductors and the 
othOT detachable. Fig. 3 shows one of the many 




Fig. 3.— Wall socket. 

forms of these sockets. In the fixed portion the 
conductors are led to two terminals, a fuse being 
placed on one pole, and in the detachable portion 
the flexible cord is attached to two prongs of metal, 
which engage with the two tube pieces of metal in 
the fixed portion when the plug is thrust into the 
socket. Fig. 4 shows another form of waU socket. 

In order to secure good insulation and a good 
fixing for ceihng roses, switches and wall sockets, 
these pieces of apparatus are in most cases mounted 
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on hard wood blocks recessed at the back to allow 
room for the conductors. 

Good lamp-holders are an important part of every 
installation. Each holder consists of several parte 




1^ 




Fig. 4.— Wall socket. 



shown in the accompanying illustrations, the final 
contact to the lamp terminals being made by two 
plungers, or " bayonete," actuated by springs. The 
terminals are encased in porcelain, which is pro- 
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tected by outer coverings of brass, screwed together 
by a ring, as shown. If a shade has to be fixed to the 




Section of \" bayonet lamp- 
holder with shade- 
carrier ring. 




Sectional view of bayonet, 

showing terminal for 

conductor. 



End view of holder. 




General view of lamp-holder. 



holder an additional ring is put on, called the " shade- 
carrier." The holder as shown is made by Verity, 
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Ltd., the details of the plunger being given. If the 
holders are to be attached to a bracket a screwed 
end is left, as shown, but for use with flexible cords 
a so-called " cord-grip " is used, by which the 
flexible conductors are held, so that no strain can 
be put on the terminals of the holder. 

Other forms of holders are largely used, especially 
in foreign countries, but the bayonet tjrpe is at the 
present time almost exclusively used in England. 
The illustrations given are full size ; smaller sizes 
are used for candle fittings. 

Flexible cords, which are so largely used with 
pendants and portable lamps, are made up of a large 
number of very fine stranded copper wires to each 
conductor. For ordinary work a fiexible cord for a 
16-candle-power lamp should have thirty-five wires 
of No. 40 gauge in each conductor, and the insulation 
should consist of pure and vulcanized india-rubber, 
and a protecting covering of silk or cotton. The 
pubUc cannot be too strongly cautioned against 
using cheap flexible cords, of which vast quanti- 
ties are imported from abroad. Unless they are 
thoroughly well made they are a source of danger, 
as the two cords are twisted together, and it is easy 
for the two conductors to come together if the in- 
sulation is in any way inferior. Particular attention 
should be paid to flexible cords when pressures 
of 200 volts and over are used. 

Wiring Fittings: — It is a very important matter 
to have all electric light fittings properly wired. 
Earth connections and short circuits are of daily 
occurrence in fittings which may be excellent from 
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an artistic point of view, but are not properly 
adapted for electric light purposes, and it is often 
surprising to see how badly the wiring of fittings 
is done by the makers of the fittings themselves. In 
the manufacture of fittings far too little attention 
is paid to making adequate provision for drawing 
in the wires, and in many cases it is impossible 
to get them through the tubes without injuring the 
insulation. The two chief essentials for good wiring 
are (1) that no roughness or burrs should be left 
in the tubes to cause abrasion, and (2) that the tubes 
should be of sufficient diameter to take the wires 
without undue crushing. 

In wiring ordinary brackets the cables from the 
walls should be left long enough to reach the holders 
of the fittings so that jointing is unnecessary. Now 
in order to arrange for, say, two cables of 3/22 to 
be pushed through the bracket tube easily, the in- 
ternal diameter should be about J-inch. If 3/8 tube 
is used, and the shape of the bracket is curved, it 
may be necessary to use either a flexible cord, or 
a specially made cable of small diameter, and in 
either case joints have to be made which have to 
be stowed away at the base of the fitting, and 
are frequently injured during the fixing of the 
fitting. 

When fittings are adapted for electric light pur- 
poses it is often impossible to avoid the use of flexible 
cords, and whenever these cords pass through metal 
in which holes have to be drilled, an ebonite bush 
should be placed in the hole to prevent any chance 
of short circuiting. 
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When wiring chandeliers with flexible cords, the 
connection to the conductors should be made if pos- 
sible by means of a ceiling rose, and in no case should 
flexible cord be taken through the plaster of a 
ceiling without adequate protection. 

On no account whatever must gas-fittings be 
adapted for electric light purposes when connected 
to the gas mains ; any connection between the con- 
ductors and the fitting would at once cause a direct 
earth connection, which would lead to trouble of a 
serious nature. In all such cases the gas supply 
must be cut off entirely from the fitting, which 
must itseK be insulated, either by a hard wood block 
or other arrangements designed for the purpose. 

In many fittings, such as large chandeUers, groups 
of candle fittings have to be wired. In order to 
avoid joints in the conductors the connections can 
be made by running the wires to the terminal of 
one holder, and then connecting the holder next by 
means of wires taken from the terminals of the 
first holder ; this is known as " looping " from holder 
to holder. Difficulties arise sometimes in cases where 
small lamps must be used and the pressure is high, 
say 200 volts ; for small lamps cannot yet be made 
satisfactorily to withstand pressures of 200 volts .^ 
In such cases two or more lamps must be run in series. 
Suppose, for instance, it were necessary to wire a 7- 
light candlestick, the pressure being 200 volts ; it 
would be advisable to use one series of three 66-volt 
lamps, and two series of two 100-volt lamps. This 
is a somewhat awkward combination, but until 
* Small lamps of 5 c.p. are now made for pressures of 200 volts. 
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Fig. 4. 
Resistances. 
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200-volt lamps can be obtained in all sizes and 
candle-powers, combinations of this description 
have sometimes to be used. 

When motors or arc lamps are fixed, great care 
must be taken to so arrange the resistances that 
they cannot give rise to a fire ; they must be well 
insulated from earth, and should be preferably en- 
closed. Figs. 1, 2 and 3 show different kinds of re- 
sistances in use at the present time. Two of these 
are arranged to work with handles to cut the re- 
sistance in or out, and one has a movable ring 
contact. This is a usual form for arc lamps, as the 
contact is not likely to be moved when once it has 
been set for the right current. 

Employment of 200 Volts Pressure. — ^Many of the 
large supply companies are now suppljdng current 
at 200 volts pressure instead of 100 volts as before ; 
and in order to deal satisfactorily with the increased 
pressure it has been found advisable to make a few 
alterations in the designs of switches and fuses. 
Such alterations are not absolutely necessary, pro- 
vided the designs were good for 100 volts, and 
generally speaking it may be stated here that any 
installation properly wired for 100 volts will stand 
the increased pressure, and work satisfactorily with- 
out any alteration to the wiring beyond changing 
the lamps and putting in fuses of half the capacity 
in amperes, as it must be remembered that, as the 
pressure is doubled, the quantity of current con- 
sumed is one haK. It must be remembered, how- 
ever, that should a short circuit occur with 200 
volts, the effects are likely to be more dangerous 
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than if 100 volts are used. For this reason modifica- 
tions are made in the designs of the fuse-boards : 
the distance between the terminals is increased, 
and in order to avoid anything in the shape of a 
permanent arc (which might easily be set up with 
a pressure of 200 volts) a ridge of insulating mate- 
rial is put between the terminals of the fuses, and 




Fig. 5. — High tension ceiling rose. 

the fusible wire bent over this ; then, in case a short 
circuit occurs, an arc cannot be maintained because 
the direct line between the terminals is interrupted 
by the insulating ridge. Again, in order to prevent 
the harm due to sudden expansion of the air when 
a fuse melts, it has been found advisable to ventilate 
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all fuse-boxes, thus allowing a passage for the air. 
In order to illustrate the insulating ridge above re- 
ferred to, a ceiling rose is illustrated in Fig. 5, showing 
the method employed for avoiding permanent arcs. 
As it is somewhat difficult to ventilate ceiling roses 
and wall sockets and switches with fuses, no fuses 
at all should be placed in these pieces of apparatus ; 
all fuses are then confined to the fuse-boards, where 
there is plenty of space and ventilation. 

Many engineers advise an increased break for use 
with 200 volts, and with heavy currents this is no 
doubt advisable, but with small switches for two or 
three incandescent lamps it is hardly necessary, as 
the currents are very small. 
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CHAPTER VII 

Testing 

WHEN the wiring of a building has been com- 
pleted, certain tests can be applied which 
will, to some extent, show if the work has been 
carried out properly. Unfortunately, there are no 
tests that can with certainty detect bad joints, and 
it frequently happens that in a badly wired house 
the tests come out much better than in an installa- 
tion that may be considered perfect, and in which a 
much greater amount of care and expense has been 
expended. In a building that is perfectly dry, and 
where earth connections are not likely to occur, it 
is almost impossible that any test should show in- 
ferior insulation, and the wiring in such cases may 
work satisfactorily for an indefinite period, but 
should water or moisture at any time gain access 
to the conductors, inferior work will at once be 
attacked owing to electrolysis, and the wiring 
throughout under such circumstances is a perpetual 
source of danger and annoyance. Such faults, when 
once developed by electrolysis, are immediately de- 
tected by instruments, and can be located. In damp 
situations, on the other hand, it is most difficult to 
obtain perfect insulation tests, even if great care 
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has been taken with the wiring ; a slight film of 
moisture connecting any part of the metal conduc- 
tors to the earth being quite sufficient to lower the 
insulation resistance to such an extent that the 
standard fixed by the rules of the supply company 
is not reached, and the insulation resistance must 
be raised before the current connections are made. 

It is impossible to insulate the wiring of a buildr 
ing absolutely. Under the most perfect conditions 
very delicate instruments could detect slight leak- 
age across the insulating substance of the con- 
ductors ; it therefore becomes necessary to fix some 
limit to the amount of leakage that may be allowed ; 
or, in other words, to fix what is known as the 
insulation resistance to earth. As no substance in 
existence is a perfect insulator, the insulation resist- 
ance-must depend upon the length and surface of 
the conductor exposed to the insulating substance, 
and in the case of electric cables the manufacturers 
use as their standard the insulation resistance per 
mile of conductors. In a good cable, in which the 
insulation consists of vulcanized rubber, the guar- 
anteed resistance per mile will vary between 300 
and 2,000 megohms per mile. The wiring, there- 
fore, in a building, where, say, one mile of conductor 
is used, should have an insulation resistance of 
several hundred megohms. Tests, however, are 
generally carried out when all fittings, switches, etc., 
are fixed, and it is on these that moisture is likely 
to collect, and thus lower the insulation resistance. 
Under these circumstances certain empirical rules 
for standards of insulation have been devised by 
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supply companies and consulting engineers, and they 
take the form of allowing certain insulation resis- 
tances to earth in proportion to the number of lamps 
installed. According to the wiring rules of the 
Institution of Electrical Engineers, the standard 
taken is that the insulation resistance to earth, of 
any entire installation, be 10 megohms divided by 
the maximum number of amperes required for 

the lamps and 
other appUances. 
Thus, a 100-Ught 
installation, tak- 
ing a maximum of 
60 amperes, should 
have an insulation 
resistance to earth 

oi —^-16 meg- 
ohm. Tests for 
insulation resist- 
ance to earth are 
usually carried out 
by a set of instru- 
ments known as 
an ohmmeter and 
generator. These are illustrated in Fig. 1. The 
generator consists of a small dynamo turned by 
hand, and capable of giving a small current at 
100 volts or more if necessary. 

The dial of the ohmmeter is graduated in meg- 
ohms and fractions of a megohm, the generator 
being connected to two of the four terminals, as 
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Fig. 2. — Diagrammatic sketch of con- 
nections of obmmeter and generator. 
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shown in the illustration, the remaining two ter- 
minals being connected to the wiring to be tested 
and the " earth " (usually a gas or water pipe). 

Fig. 2 shows a diagrammatic sketch of the con- 
nections inside the ohmmeter. The pointer on the 
dial (Fig. l)is attached to a soft iron needle below 
the dial in the interior of the instrument, and is 
actuated by two sets of coils, called the " pressure " 
and " current " coils, shown in Fig. 2} The pressure 
coils magnetize the needle, and cause it to lie in 
such a position that the pointer indicates " infinity." 
The current coils are so arranged that if a current 
passes in them the needle is moved, and the pointer 
with it, towards zero on the dial. If now there is no 
resistance between the line and the earth terminals 
(or, in other words, if there is a dead " earth " con- 
nection) a comparatively large current will pass 
through the current coil, and the pointer will indicate 
zero ; on the other hand, if the insulation between 
the line and the earth is above 5 megohms, the needle 
will scarcely be moved, and the pointer will indicate 
" infinity." Readings between these two can be 
taken indicating the insulation resistance to earth. 

The instrument is so arranged that, by placing 
the small handle on B instead of A, such a resist- 
ance is inserted in parallel with the current coils 

^ In the latest instruments there is, in series with the pressure 
coils, a magnetizing coil surrounding a soft iron core, pivoted 
vertically on the top of which the soft iron needle is fixed ; this 
needle is therefore unipolar, and tends to set itself at right angles 
to the axis of the pressure coils, if no current is passing in the 
current coils. 
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that one-tenth of the current only passes through 
these coils, and the readings on the dial must be 
divided by 10 to get the true resistance to earth. 
By this means the range of the readings in the in- 



FiG. 1. — Silvertown testing set. 

strument is much extended, and indications from 
5,000 ohms to 10 megohms can be obtained. 

These instruments are more extensively used for 
testing the wiring of buildings than any other kind 
of instrument. They are light and portable, and 
the generator affords a simple means of obtaining 
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a pressure as great or greater than that to which 
the installation will be subjected. This is very im- 
portant, as defective insulation, which might with- 
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Qenenai arrangement showing all conne.ctiQn& 
Fig. 2. 

stand a pressure of a few volts, might not be able to 
resist a pressure of 100 volts or more.^ In taking the 

^ These instruments are now made up to 600 volts, and 
sometimes even 1,000 volts. 
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tests the readings should not be taken until the 
handle has been turned for a minute or two. 

Another instrument that is often used for testing 




To the etidi of the Conduitor, 

Connections for Testing Conductor Resistance. 
Fig. 3. 

purposes is known as the " Silvertown testing set," 
and is made by the India-rubber and Gutta-percha 
Company, Limited, of Silvertown. This set is shown 

no 



INTERNAL WIRING OF BUILDINGS 

in the accompanying illustrations. Fig.l shows the 
outward appearance of the testing set, and Fig. 2 a 
general arrangement, with the connections marked 
in dotted lines. In order to obtain the necessary 
voltage for testing, a battery of 36 small Leclanche 
cells is employed, of which all or a few only can be 
used, according to circumstances and the nature of 
the tests to be taken. 




Fig. 3a.- 



-Diagrammatic sketch showing Wheatstone bridge 
oonneotioBs. 



The instrument is divided into two parts, one of 
which is for testing the resistance of conductors 
according to the ordinary Wheatstone bridge 
method, and Fig. 3 shows this part of the instru- 
ment only, with the connections marked in dotted 
lines. In order to make this more clear a separate 
diagram is given in Fig. 3a, in which the four arms 
of the Wheatstone bridge are shown in the form 
usually given in text books. For testing insulation 
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resistances that part of the instrument shown in 
Fig. 4 is employed, the connections in this case also 



To Cotiductor of Cahle, 



To Earth or Sheathing. 




(^•^^^^^^^^^:^^^^- 



Connections for Testing Insulation Resistance. 
Fig. 4. 

being marked with dotted lines. In order to take a 
test the current from the battery is first sent through 
a known resistance (50,000 ohms) and the de- 
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flection of the galvanometer needle noted. The 
current is then sent through the " Ime " to the 
earth terminal, and the deflection of the needle 
again noted. If this is the same as before the in- 
sulation resistance is 50,000- ohms, if greater the 
resistance is proportionately less, and if smaller the 
resistance is larger. It will be noted that the gal- 
vanometer can be " shunted," so that the readings 
obtained can be either 5, 10, or 100 times greater 
than if no shunt is used. 

Certain instructions are issued with these instru- 
ments, explaining more fully their action. They are 
as follows : — 

The battery consists of two parts : one — commonly called 
the bridge battery — is a set of three Leclanch6 cells of low 
resistance intended to be used in testing conductor resistances 
only, a purpose for which currents of electricity of sensible 
magnitude are required. The other part is a set of 36 small 
Leclanch6 cells having a total electro-motive force of 65 volts 
intended exclusively for measuring insulation resistances, or 
other resistances, of considerable magnitude. These cells are 
designed to give only very small currents of electricity, and 
care should be taken not to connect them inadvertently to the 
Wheatstone's bridge or otherwise put them on a circuit of low 
resistance. This battery, called the insulation battery, is sub- 
divided into three sections of 3-15 and 39 cells, so that electro- 
motive forces of about 6-26 or 60 volts can be employed as may 
be found convenient. 

The only part of the instrument which requires detailed 
description is the galvanometer. This consists of a coil of fine 
wire on a brass bobbin, in the centre of which a small magnetic 
needle with an aluminium pointer is hung in the same way 
as is usual in compasses. The pointer projects through the open- 
ing in the end of the coil, and the excursions of the needle are 
limited by the size of the opening to about 46° on each side of 
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the centre. On removing the glass cover the needle on its 
point may be taken out by withdrawing the slide on which it is 
pivoted from inside the coil. The scale, which is a scale of equal 
currents, is approximately a scale of ^tangents, and is obtained 
empirically by calibrating the instrument. The north end of the 
magnetic needle points to the left-hand side of the box when it is 
swinging freely in its zero position. 

On the left-hand side of the box is placed the controlling 
magnet, and the position of this affects the sensitiveness of 
the galvanometer. When the north pole of the controlling 
magnet is uppermost, the galvanometer will be most sensi- 
tive ; on turning the magnet round, so that the south pole 
is uppermost, the deflection of the needle due to any given 
current will be reduced by about 40 per cent. Generally in 
testing the insulation of well-insulated wires, the galvanometer 
is required to be as sensitive as possible, and the north pole of 
the controlling magnet should be at the top ; but for measuring 
conductor resistances, for which the galvanometer is generally 
amply sensitive, it will be found more convenient to bring the 
south pole uppermost, thereby causing the galvanometer needle 
to oscillate more rapidly. 

Besides thus affecting the sensitiveness of the galvanometer, 
the magnet is also used to adjust the needle to the zero in its 
position of rest by turning it slightly in one direction or the 
other. 

In preparing to test, the box should be placed on a table, or 
some other approximately level surface in front of the electrician, 
he facing the magnetic east, and the controlling magnet being 
in a vertical position. The pointer of the galvanometer will then 
be found to be swinging near its zero, and may be brought exactly 
to it by slightly turning the controlUng magnet. 

If at any time the galvanometer needle should become in- 
sensitive and sluggish, it may be due to one of several causes. 

It may be that the needle has become demagnetized. This 
can be remedied by withdrawing and remagnetizing it with 
an ordinary horse-shoe magnet, care being taken that this is 
done in the same direction as before. 

It may be that some dirt has found its way into the jewel. 
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This may be removed with a piece of soft wood cut to a fine 
point. 

It may be that the jewel or the needle point is injured. In 
this case the slide should be removed and sent with the needle 
and pointer to the makers for repair. This will probably have 
occurred either through tiie whole instrument having received 
a blow when the lid is open and the jewel resting on the needle 
point, or through the brass spring in the Ud of the box being bent 
so that it no longer presses on the lifter when the lid is closed, 
and the needle has consequently been resting on the point while 
the box has been carried about. 

Testing Conductor Resistance. 

The method used of measuring the resistance of the con- 
ductor of the circuit imder examination is that of Wheatstone's 
bridge. 

This method is so well known and imderstood that it is not 
necessary to give here any accoimt of the theory, only to point 
out the arrangement of the different parts of the testing set used 
in this measurement, and to indicate what coils should be plugged 
in the bridge for testing different resistances to the best ad- 
vantage. 

Fig. 3 shows only those parts of the instrument which are 
employed in this test, and omits the parts and their connections 
which relate only to insulation testing. The parts employed are 
the following: — 

1. The adjustable resistance. This, it will be seen, consists 
of two sets of 9 coils each connected to circular plug commutator 
or dials. One set of coils has nine resistances of ten ohms each, 
making ninety ohms in all ; the other has nine resistances of one 
ohm each, making nine ohms in all. If the hole marked with any 
number, say 5, is plugged in the ten-ohm dial, a resistance of 
fifty ohms is inserted between the connecting leads entering and 
leading away from the dial ; and a similar rule appUes to the one- 
ohm dial. Hence if the hole 6 be plugged in the tens dial and 
the hole 8 be plugged in the units dial, a total resistance is in- 
serted in the two in series of 68 ohms. The lowest resistance that 
can be obtained is given when both the holes are plugged, 
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when the coil resistance inserted is zero. The highest resistance 
is obtained by plugging the two 9 holes, when the total resistance 
is 99 ohms. If no plug is inserted in one or both dials, the circuit 
is broken and the resistance is infinity. 

2. The second part of the apparatus is the double set of 
proportional resistances, consisting of two coils of 10 ohms each, 
two of 100 ohms and two of 1,000 ohms, these constituting what 
is known as Wheatstone's bridge. Of these only one on each 
side of the centre is to be unplugged for any given test, and a 
rule is given later on for selecting the resistances to be employed 
to obtain the greatest possible sensitiveness ; that is to say, for 
selecting those coils which will give the largest deflection on the 
galvanometer, when the resistance plugged in the dials varies by 
a given error from that of the circuit under test. 

3. The third part is the galvanometer which has been already 
described. Its two terminals are connected to the two ends of 
the Wheatstone's bridge by depressing the contact key. It will 
be noticed that the shunt coils, with their plug commutator, are 
omitted from the diagram. This is done because they are not 
essential to the test, though they may be conveniently used when 
the balance of the bridge is not yet approximately correct, and 
very large deflections are being obtained. 

4. The battery, as has been already described, consists of 3 
Leclanch6 cells, having an electro-motive force of about 6 volts. 
One pole of the battery is connected in the usual way to the 
middle of the Wheatstone's bridge, and the other to the point 
where the end of the adjustable dial coils is connected to one 
of the terminals, to which the conductor under test is attached. 
The connections are made by inserting the plugs at the ends of 
the battery leads, in the two holes marked BRIDGE, and im- 
mediately this is done the current is established in the coils ; 
the galvanometer circuit is of course not completed till the key 
is depressed. 

5. The ends of the conductor to be tested are to be secured 
under the two terminals marked BRIDGE TERMINALS, and 
in measuring low resistances care must be taken that they are 
very securely attached. 

The test is begun by selecting the coils to be unplugged in 
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the Wheatstone's bridge ; to do this it is necessary to know 
approximately the value of the resistance to be measured. 
Generally some idea of its value can be formed, but if it is quite 
unknown, two coils on the bridge may be chosen at random and 
a preliminary measurement made. This measurement will enable 
the correct coils to be chosen for a further test. 

The following pairs of coils are to be selected — 

For resistances between 1 ohm and 10 ohms, left-hand coil, 
100 ohms ; right-hand coil, 10 ohms. 

For resistances between 10 ohms and 100 ohms, left-hand coil, 
100 ohms ; right-hand coil, 100 ohms. 

For resistances between 100 ohms and 1,000 ohms, left-hand 
coil, 100 ohms ; right-hand coil, 1,000 ohms. 

In all these cases coils will be employed in both dials, and 
a result giving two significant figures will be obtained ; a third 
figure can always be found in measuring resistances between 
these limits, viz., between 1 ohm and 1,000 ohms, by observing 
the deflections of the galvanometer needles on both sides of the 
zero for different adjustments of the dial resistances near the 
balancing point. 

For example we will suppose that the 10-ohm coil on the 
right-hand side of the bridge and the 100-ohm coil on the left- 
hand side are unplugged, and that when 45 ohms are plugged 
in the dials, and the key depressed, a throw of three divisions 
of the galvanometer needle is observed to the right ; and when 
46 ohms are plugged we get a throw of two divisions to the left 
on the galvanometer scale. It is clear that the resistance to be 
measured lies between 4*5 and 4*6, and is nearer to 4*6 than 4*5, 
as two is less than three ; that is, the resistance is 4-66 ohms. 
As a further example, suppose 100 ohms to be unplugged on 
each side of the bridge, and 82 ohms to be plugged in the dials ; 
on depressing the key, no deflection of the needle is observed. 
On plugging 81 ohms in the dials, a throw of six divisions to the 
right is obtained, and on plugging 83 ohms we get the same de- 
flection to the left. We are then amply justified in putting the 
third figure in the result as 0, and the resistance to be measured 
is 82-0 ohms. 

I^istances from '1 ohm to 1 ohm may be measured either 
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with the same bridge coils as are used for resistances of 1-10 
ohms, viz., 10 ohms on the right side and 100 ohms on the left, 
but only to two significant figures, since the tens dial will be 
plugged at 0. 

Resistances of from '1 ohm to 1 ohm may also be measured 
to three figures by using the bridge coils of 1,000 on the left 
side and 10 on the right, and resistances from 1,000 ohms to 
10,000 ohms by using the bridge coils of 10 on the left and 
1,000 on the right. For both these tests, however, more battery 
power is required than is provided in the ordinary portable 
battery suppUed. 

For making this test attention may be called to the following 
points, some of which have been noticed before. 

Except in testing at the extreme range of the instrument, i.e. 
quantities less than 1 ohm or greater than 1,000 ohms, the 
galvanometer will be found amply sensitive, and it is better to 
place the south end of the controlling magnet uppermost, thereby 
reducing the time of the oscillations of the galvanometer needle. 
The battery should be in circuit as short a time as possible to 
avoid running down the cells, and it is well to take out one of the 
battery lead plugs when any alterations are being made in the 
plug commutators, only replacing it just before pressing the gal- 
vanometer key. 

Care should be taken to connect the conductor to be tested 
very securely to the bridge terminals. This may be done for 
very large or stranded conductors, either by soldering to their 
ends thin brass plates with holes in them of a suitable size to go 
under the heads of the terminals, or the connection may be 
made by means of finer wires soldered to the end of the main 
conductor. The resistance of these ihust be independently 
ascertained and subtracted from the gross result. 



Measurement op Insulation Resistance. 

This is a measurement of the electrical resistance of the in- 
sulating material of a cable to the passage of a current from the 
inside conductor through the insulation to the lead sheathing, 
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wet yam, armour, or other outside conducting surface, and the 
inverse of the insulation resistance is the insulating conductivity, 
or, as is generally termed, the leakage. 

This measurement is effected by a method known as that of 
direct deflections. It consists in passing a current from a battery 
through a galvanometer into a conductor of a cable whose farther 
end is free and disconnected, thence through the insulating 
material to the outside coating or earth, and so back along a 
temporary conductor to the other end of the battery, the de- 
flection of the galvanometer needle produced by this current 
being noted. Replacing that part of the circuit which was 
formed by the insulating material of the cable by a standard 
resistance of known value, we obtain a new deflection of the 
galvanometer needle. 

The quotient obtained by dividing the deflection produced 
by the current through the standard resistance by that through 
the cable insulation is a measure of the insulation in terms of 
the standard. 

Thus, for example, suppose that a given battery produces 
on the needle of a galvanometer placed in series with the in- 
sulation of a cable in the manner described, a deflection of 
10*3 divisions, and that on substituting a resistance of 1 megohm 
for the insulation we get 42 divisions, we find that the insulation 
resistance is y^?^— 41 megohms approximately. 

Fig. 4 shows only those parts of the apparatus and their 
connections that are used in this measurement, those which 
relate only to the measurement of conductor resistances being 
omitted. 

The arrangement, it will be seen, is as follows : One pole of 
the battery — the battery of 39 Leclanch6 cells giving an E.M.F. 
of about 60 volts is normally employed — ^is connected by a con- 
ductor, ending in an ebonite-headed plug, to the lower of the 
two plugged holes marked INSUL** Thence the current passes 
along a connecting wire to the block marked SHUNTS, and 
thence through the galvanometer to the upper block on the other 
side ; we may observe in passing that these two main blocks, 
one on each side, are practically the terminals of the galvano- 
meter. If a shunt is plugged, -J^th, ^th, or -iho^^ ^^7 °^ ^^® 

119 



INTERNAL WIRING OF BUILDINGS 

current passes through the galvanometer, the remainder finding 
its way through the corresponding shunt coil. 

From the upper block on the left-hand side, the current may 
take two paths, according as the hole marked INSUL*'» or that 
marked 50,000 ohms, is plugged ; if neither is plugged, the circuit 
is broken, and no current can pass. This plug forms consequently 
a convenient make and break key If the hole marked INSUL*- 
is plugged, the current passes to the terminal marked INSUL**» 
so through the insulating covering of the cable to the outside 
sheathing or earth, back to the terminal marked EARTH and 
the plug-hole marked £, and then along the lead to the other 
pole of the battery. If, however, the hole marked 60,000 ohms 
be plugged, the current will pass through the coil of 50,000 ohms, 
then along a connecting wire to the plug-hole E, and so back to 
the battery. 

In beginning this test the conductor of the cable, or insulated 
wire, or a temporary lead attached to it, is connected to the ter- 
minal of the instrument marked INSUL*** and another lead, 
connected to the outside sheathing of the cable, or the wet soil 
in which it lies, is attached to the terminal marked EARTH, care 
being taken that these leads are separated, and that no circuit 
exists between them except through the insulation of the cable. 

The test then consists in — 

1. Noting the deflection obtained when the 50,000-ohm hole 
is plugged — i.e, obtaining the deflection produced by the current 
passing through a known resistance ; this is called taking the 
constant of a galvanometer. It will be found in practice that 
with a battery of 39 cells supplied, it is necessary to use the shunt, 
giving a multipljring power of 20 ; and we may note here that 
the passage of the current through a galvanometer shunted thus, 
and then through 50,000 ohms, gives the same deflection as pass- 
ing the whole current through the galvanometer not shunted 
and through a constant of 1,000,000 ohms. In short the de- 
flection thus obtained is the deflection given by the battery 
through one megohm. 

2. Transferring the plug to the hole marked INSUL*-» and 
again noting the deflection obtained, the galvanometer being 
shunted if necessary to give a convenient reading, 
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On dividing the deflection on the scale obtained when taking 
the constant by the deflection obtained in the second part of the 
test, and multiplying the deflections by the shunt or shunts 
employed, we obtain the insulation resistance of the cable in 
megohms. 

For example : suppose that the current from the battery 
when passed through a constant resistance of 50,000 ohms gave 
a deflection of 42 divisions on a galvanometer shunted to i^, 
and that when passed through the cable insulation it gave 23 
divisions with the galvanometer shunted to ^, the insulation re- 
sistance would be aTxT megohms— -37 megohm approximately. 

For another example : if having found the same galvanometer 
constant, we obtained from the cable insulation a deflection of 
10 divisions with no shimt employed, the insulation resistance of 
the cable would be ^§ megohms —4*20 megohms. 

It will be observed that, when all the holes in the straight 
commutator near the front of the box are plugged, the key on 
the left-hand side, which is used in the bridge test as a galvano- 
meter make and break key, becomes for the insulation test a 
short circuit key, and is useful for checking quickly the oscilla- 
tions of the needle. 

(N.B. — Although the maximum voltage of the testing battery 
usually employed with this Testing Set is only 60 volts, the set 
can be used with a testing voltage of 200 volts, as required by 
the Board of Trade regulations. In this case, instead of using 
the multiplying power of 20 as described above, the multipl3ring 
power of 100 should be used in taking the constant — the deflection 
thus obtained will be the same as that which would be given by 
the unshunted galvanometer through a total resistance of 5 
megohms, and the calculation of the resistance to be measured 
would then be made in exactly the same manner as described 
above, except that 5 megohms will be substituted for 1 megohm.) 

In making this test the following points may be called attention 
to:- 

1. Too much care cannot be taken in preparing the ends of 
the cable. Since we are measuring a very small current of 
electricity passing from the conductor to the outside sheathing, 
through the insulated covering, it is clear that our results will be 
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entirely misleading if any current be allowed to pass over a dirty 
surface at the ends where the conductor is exposed. These 
ends should be looked to before testing, and in the case of india- 
rubber or other firm material, the section of the insulator should 
be pared all over with a sharp and perfectly clean knife. 

2. Care should be taken not to short circuit the battery, 
which may easily occur in two ways. One is by allowing the 
two battery plugs to touch one another, when the other ends of 
the leads are attached to the battery terminals ; and another 
is by allowing the lead attached to the earth terminal to touch 
that attached to the insulation terminal. 

In both cases the battery of small cells will be for a time much 
overworked, and in the second the needle may become bent or 
demagnetized. 

3. Another point that may be noticed is that in deducing the 
insulation resistance per statute mile from a test on any given 
length, the result obtained from a test on the latter is to be 
multiplied by the length of the piece in miles, and not divided 
by it. 

For example, if the insulation of a cable three miles long be 
15 megohms, the insulation per mile will be 15 + 3 or 45 meg- 
ohms ; or again, if the insulation of a piece of cable, whose 
length is 350 yards, be 7,520 megohms, the insulation per statute 
mile will be ^-^-fr^^- megohms— 1,495 megohms. 
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CHAPTER VIII 
Costs and Estimates for Wiring 

TO treat the subject of the costs of wiring under 
the various systems in an adequate manner 
would be impossible within the scope of this treatise, 
and it is only possible to give a few hints that may 
serve as a guide to those who are installing the 
electric light. The conditions are so varied in dif- 
ferent buildings that, unless the details of a scheme 
of wiring are properly considered, it is quite im- 
possible to say what the costs may be. One hears 
frequently of contractors who undertake to do 
the wiring of a building at so much per light (very 
frequently an extremely low price) ; but this is a 
very indefinite method of estimating, unless it 
is specified exactly what is included — it is in this 
respect that the public are often deceived, with the 
result that large sums of money have to be ex- 
pended in unexpected " extras." As regards wiring 
only, the term of " cost per light " is misleading, 
since a large number of lights may be grouped 
together in one fitting, in which case the wiring 
is the same as that for one light, except as re- 
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gards the size of conductor employed ; hence it is 
preferable to calculate the number of "points " of 
light in a building. Again, it should be specified 
if fittings of any kind are included in the costs, as 
tenders are sometimes sent in, in which it is assumed 
the fittings will all be " extra." Other points in 
tenders, such as cutting away and making good, 
moving of furniture, taking up of floor boards, 
fixing of expensive fittings, should all be carefully 
considered, as the cost of these items forms a con- 
siderable percentage of the costs of the whole in- 
stallations. When obtaining prices for wiring work 
from contractors, great care should be taken in 
giving out the work to see that everything that can 
possibly be included is allowed for in the price. 
Some points that are likely to be omitted in a con- 
tractor's specifications are : — 

(1) Cutting away and making good, painting and 
varnishing decorating work. 

(2) Taking up carpets, removing furniture, etc. 

(3) Cost of fixing fittings. 

(4) The supply of lamp-holders, lamps, and shades. 

(5) Removal of gas-fittings and stopping off the 
supply. 

In the catalogues of manufacturers of fittings it 
is a usual practice to exclude the cost of holders, 
lamps, and shades, although they appear in the 
designs. It is far best for any one who is ignorant 
of the intricacies of electric lighting to employ a 
consulting engineer to draft a complete specifica- 
tion and submit it to several good contractors ; the 
successful one will then be obliged to follow th^ 
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specification, and any extras have to be allowed by 
the consulting engineer. 

When one is told that installations are put up 
at prices of IO5. per point, including fittings, etc., 
complete, it is quite certain either that the con- 
tractor is foolishly losing money, or else that very 
inferior materials and labour are being employed. 

In any ordinary building the materials for wiring 
can be calculated fairly exactly, the labour costs 
being the most difficult to estimate. In a West- 
end London house the costs of materials, in a wood- 
casing system, may roughly be taken as follows : — 
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The labour, it is safe to say, is never less than 5^. 
per point, and may be as much as £1 per point, if 
the difficulties are great and expensive fittings have 
to be fixed. It will be seen that the above prices 
are based on actual coat prices to the contractor^ no 
account being taken of fittings. Even if the plainest 
fittings are employed, the cost wiU be, say, 3^. each 
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in addition ; it therefore becomes quite apparent 
that electric lighting cannot be done at anything 
like lOs, per point, including fittings, and the public 
cannot be too careful in discriminating between 
good and bad work. 

Competition is responsible for a great many in- 
ferior installations, and if prices are unduly cut 
down, bad work in some form is likely to be put 
in. The above approximate prices are the nett 
prices actually paid by the contractor for wages 
and materials, taking no account whatever of profit 
or allowances for contingencies or superintendence, 
and if these are to be taken into consideration, an 
increase of something between 30 and 50 per cent, 
over the whole nett costs should be allowed. As- 
suming, therefore, that the labour per point is 
about lOs. (a very moderate inclusive estimate in 
most cases), it follows that for good work, inclusive 
of everything, and assuming that simple fittings 
only are employed, a price of 30s. per point is not 
at all an extravagant price to pay for wiring. The 
prices above given must not be taken by any means 
as universally appUcable, but they do apply in the 
case of a large number of ordinary dwelling-houses 
where the conditions are not especially difficult. 
In country house installations the costs would 
probably be greater than these, owing to the fact 
that wiremen and carpenters receive " out-money " 
allowances. For the same class of buildings the 
cost of concentric wiring would be about the same, 
but for iron barrel system the costs are greater, as 
the tubes are more expensive than casing, and the 
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labour cannot well be less. For similar installations 
the cost per point wired should be from lOs, to 155. 
more expensive than with wood casing. It is im- 
possible to give even the approximate costs of wiring 
works, factories, or theatres, or, indeed, special build- 
ings of any kind ; each installation must be judged 
on its own merits, and it must be borne in mind that 
the cost of the labour determines more than anything 
else the total cost of the whole installation. 

In drawing up specifications for wiring, a schedule 
of the number of lamps, points of light, switches 
and fittings is made, and the exact positions indi- 
cated. When this is arranged, the sizes of conduc- 
tors and number of fuse-boards can be calculated. 
The exact conditions under which the contracts are 
to be carried out must be clearly specified. In order 
to give the reader a general idea of the usual char- 
acter of a good specification for the wiring of an 
ordinary dwelling-house in London, of about, say, 
75 lights, as carried out under a consulting engineer, 
the following may be taken as an example for a 
wood-casing installation : — 

Specification for Complete Installation, in- 
cluding Wiring and Fixing Fittings, for 
75 Lights. 

Oeneral. — The whole of the work to be carried 
out in accordance with the specification to the 
satisfaction of the consulting engineer, in accor- 
dance with the requirements of the supply com- 
pany and fire insurance companies interested. 

The contractors to make good all defects that 
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may appear within twelve months from the date of 
completion of the contract, such defects being due 
to faulty material or workmanship only. 

Payment. — Payment for the work to be as fol- 
lows : — 

80 per cent, on the certificate of the consulting 
engineer. 

10 per cent, on the satisfactory completion. 

10 „ „ one month after completion. 

Cables, — All cables to be insulated with pure and 
vulcanized rubber, then taped and braided and 
covered with preservative compound. The insula- 
tion resistance to be at least 600 megohms per mile, 
at 60*^ Fahr., after 24 hours' immersion in water, 
the electromotive force used for testing being at 
least 200 volta. 

All the conductors to be stranded and tinned, the 
conductivity of the copper in no case being less 
than that of pure copper according to Mathieson's 
standard ; conductors of opposite polarity to be 
coloured red and black, and all single-pole switches 
to be fixed on the red conductor. 

Current Density, — The ampere density of the leads 
must not exceed 800 amperes per square inch, as- 
suming that every lamp is of 16 c.p. and requires 
100 volts. 

Casing, — ^The cables to be run in best American 
whitewood casing throughout, except behind plaster, 
and when passing through walls and partitions, in 
which cases metal tubes must be employed, consist- 
ing of composition or brass tubing or iron barrel. 
Wherever exposed to view the casing is to have 
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two coats of paint (to suit the decorations), and in 
damp situations to be shellaced inside and out. 

Bunching of Cables, — Conductors of similar polar-^ 
ity may be placed in the same grooves of casing, 
but ample room must be allowed in the grooves for 
drawing in and out. 

Distribution Boards and Main Leads, — One main 
double-pole switch and fuse for 50 amperes to be 
fixed close to the position selected for the entrance 
of the mains, and a pair of 19/16 to be run without 
any diminution in area, to at least two subdistribu- 
tion boards placed in convenient positions, prefer- 
ably at the back of staircase. From these boards 
6 ampere circuits to be run to the various lamps 
throughout the house. 

The main-pole switch and fuses to be mounted 
on two enamelled slates, separated by a wood fillet. 
Each switch to have a quick double break of at 
least three inches, and the current density in the 
metal must not exceed 250 amperes per square inch. 
The slates to be mounted on hardwood battens, and 
to be well packed out from the wall. The whole 
to be enclosed in a polished teak case, with glazed 
front and lock and key. 

In the distribution boards each pole is to be 
separately mounted on enamelled slate, with a 
dividing strip of poUshed hardwood between the 
mains at least IJ inches wide. Two omnibus bars 
to be provided, from which 5 ampere circuits are 
to be taken to the various lamps throughout the 
house, the current passing through easily replace- 
able fuses, each guaranteed to melt with a current 
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of 10 amperes ; the terminals of the fuses to be at 
least IJ inches apart. All connections to the 5 
ampere circuits to be made on the surface of the 
boards. Each subdistribution board to be enclosed 
in a polished teak box with glazed front. 

In order to secure perfect insulation it is prefer- 
able to bush the holes for the screws, holding the 
slates to the wood battens with ebonite, both in the 
main switch distribution boards, so that the metal 
of the screws cannot come in contact with the 
slates. 

Joints, — To be carefully made in the most ap- 
proved manner and soldered with resin, at least 
three layers of rubber strip being put in next the 
conductor, and this insulation protected by a cover- 
ing of two layers of strong waterproof tape. 

In order to avoid joints as far as possible, the 
conductors should be left long enough to reach the 
holder of the fitting employed, wherever this can 
be so arranged. 

No joints are to be made where the conductors 
are embedded behind plaster. 

Smtches, Wall Sockets, and Ceiling Roses, — These 
to be of the latest design, and fixed on polished blocks 
of teak or hardwood, recessed at the back to allow 
space for the conductors and casing to be brought 
to the terminals. Where necessary rough wooden 
blocks must be provided, as fixing for the polished 
wood blocks. 

Cutting aioay and Fixing Fittings, — The tender to 
include all cutting away and making good, and 
also the cost of fixing and wiring any fittings that 
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may be selected. It is understood that substantial 
wood blocks must be provided and fixed to support 
the weight of the heavier fittings. Where floor 
boards are taken up they are to be refixed with 
screws, so that access can be gained to the cables 
if necessary. 

Lamp-holders, etc, — Seventy-five lamps and holders 
to be provided, and also the cost of ten spare lamps. 
The holders to be of the Edison & Swan bayonet 
description, and of the latest design. 

Alterations and Additions, — ^No alteration or addi- 
tion to be made without consent in writing of the 
consulting engineer. Any dispute that may arise 
during the execution of the contract shall be settled 
by the consulting engineer, whose decision shall be 
final. 

Tests, — On the completion of the work, including 
the fixing of all fittings, the installation must be 
tested with a pressure of at least 200 volts, and the 
insulation resistance to earth of both mains together 
shall not be less than 3 megohms, and the insulation 
between mains not less than 1 megohm. 

The above, with the addition of a schedule of 
lights and switches and their position, may be taken 
as a fair example of the specifications now in vogue 
for lighting. It will be observed that the con- 
tractor has to work under severe conditions, and 
if the installation is properly carried out it is worth 
at least from 25^. to 30^. per point, excluding the 
cost of fittings only, but including lamp-holders. 

Similar specifications are issued on much the 
same lines for iron barrel installations. The kind 
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of barrel to be employed must be carefully specified, 
and also the various details of the junction boxes 
and bends. Iron barrel " elbows " should not be 
allowed, as it is very difficult to draw the wires in 
through them. 
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CHAPTER IX 

Electricity Meters and Systems of 
Charging for Electric Current 

IF it could be conveniently arranged to keep the 
electric pressure in houses under control by 
means of taps, as is done with gas, and thus mini- 
mize the evil arising from variations of pressure in 
the supply mains, and if too some cheap and reliable 
system of storing electrical energy on a large scale 
could be devised, there would then be no difficulty 
in charging consumers in an equitable manner for 
electric current supplied by central stations, and 
there would be no need for the somewhat elabprate 
systems of rebates according to " maximum de- 
mand " now in vogue. Unfortunately, however, the 
light given by incandescent lamps varies enormously 
with sHght variation of pressure, since if the pressure 
is too low for the lamps the consumer pays for 
current that is useless to him, as he gets no light, 
and if it is too high an abnormal brilliance of the 
lamps is followed usually by the breakage of a large 
number of filaments in the lamps. In both cases, 
however, the consumer pays for the current con- 
sumed, and is liable to suffer. In order to protect 
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th3 public the Board of Trade has therefore laid it 
down in their regulations that the variations in 
pressure from the normal must not be more than 
2J% either above or below, making a total variation 
of 5%. Thus, if the normal voltage of supply is, 




According voltmeter. 

say, 200 volts, the pressure should not rise higher 
than 205 or fall lower than 196 volts. If therefore a 
consumer can prove that for given periods the varia- 
tions in pressure at the house terminals have ex- 
ceeded the above limits, he can dispute the accounts 
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for the periods in question. A useful instrument 
to instal therefore is a recording voltmeter as shown 
in the illustration. In this instrument the pressure 
is recorded automatically on a strip of paper, which 
is moved forward by clockwork, and the instrument 
resembles in its general appearance and action the 
common self-recording barometer. Meters will 
register current if it is supplied at the correct pressure 
or otherwise ; the above regulation of the Board 
of Trade is therefore very necessary in order to 
protect the public. Meters are usually made to 
register in Board of Trade units, that is to say, they 
register kilowatt hours ; thus, if the pressure of 
supply is, say, 200 volts, 5 amperes passing for one 
hour would register one unit, or 10 amperes for 
one hour at 100 volts would similarly register one 
imit. 

Owing to the fact that it is too costly to store 
electrical energy on a large scale for central station 
purposes it is found in practice to be necessary to 
instal machinery of such an output that it is capable 
of dealing with the maximum lighting load which 
may be required, and this load is heaviest in the 
evenings between six and eight o'clock. A great 
part of this machinery is lying idle and unremunera- 
tive during daylight hours, as there is only a com- 
paratively small demand in the daytime for electric 
light ; it is the object therefore of central station 
engineers to try to induce their customers to use 
current during the day (in order to prevent the 
machinery Ijdng idle) and diminish their consump- 
tion in the evening during the hours of maximum 
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demand, i.e. between six and eight o'clock, in order 
to avoid capital expenditure on machinery. They 
try to effect this object by making arrangements to 
charge their consumers at a lower rate for energy 
consumed during the day and at a higher rate for 




Time switch with two-dial meter. 

energy consumed during the evening. This can be 
done in several ways, as follows : — 
r (1) A meter can be provided with two sets of 
dials, one for the day and one for the evening load, 
and either of these sets can be put into operation by 
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means of a time switch operated by a clock. The 
day current is then charged for at a lower rate than 
the current consumed during the evening. One of 
these time switch instruments is shown in the figure 
in conjunction with a two-dial Aron meter. 

(2) One set of dials can be used, and the time 
switch can be used to insert a resistance in the 
shunt circuit during the daytime, so that the meter 
registers only a fixed proportion on the total units 
fiowing through it during the day. The charge is 
made out according to the reading on the dials, al- 
though a greater number of units has passed through 
the meter than is actually registered. In the case 
of meters without shunt circuits this cannot be done. 

(3) No time switch is used, but an instrument 
called a " maximum demand " indicator is fixed, 
which shows the maximum amount of current 
that passes through the meter in any given period. 
It is then assumed by the supply company that 
this maximum amount of current has passed 
through the meter for a given number of hours 
every quarter, usually one hour per day for 90 
days, and the number of units so reckoned is de- 
ducted from the total number of units consumed 
during the period and charged for at a higher rate ; 
the remaining imits are charged for at the lower rate. 
An example may perhaps make this clearer. Sup- 
pose that the total number of units consumed during 
the quarter amounts to 200 at 100 volts pressure, and 
that the maximum demand as shown by the indi- 
cator is 16 amperes — it is assumed then that 30 
amperes has passed for 90 hours during the quarter, 
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15x90x 100 



=135 units have been con- 



and that , ^^^ 
1,000 

sumed at this rate. If now the higher rate of charge 

is Id, per unit, and the lower rate 2d., 135 units will 

be charged at Id,, and 200-135=65 will be charged 

at 2d, 

This method of charging is extremely convenient, 

and eflfects its object perfectly ; it tends to prevent 
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Fig. 1. — Sketch of Wright's maximum demand indicator. 

consumers using a large number of lamps at one 
time, and encourages a demand for current during 
the daytime. It is largely used, and is known as 
the maximum demand system. Two illustrations 
are given here of Wright's maximum demand indi- 
cators. It consists essentially of a V-shaped (Fig. 1) 
tube with a bulb at each end, and it contains a 
coloured liquid. At the end of one limb there is a 
smaller tube, called the indicating tube. On the 
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outside of the bulb H B is a. copper coil through 
which the main current passes. When the instru- 
ment is working the current heats the air inside this 
bulb and causes the liquid to rise in the other limb. 
The amount of rise (and therefore the current) is 
registered by the falling of the liquid into the indi- 
cating tube, and the maximum current in amperes 
that has gone through at any given time is thus 
registered. It may be noted that a short circuit 
has no effect on the instrument, as there would not 
be sufficient time for the air to be warmed before the 
fuse melted. Usually the instrument is read every 
quarter ; the instrument is then re-set by turning 
it upside down — this empties the tube that registers 
the number of amperes, and leaves everything ready 
for a new reading for the next quarter. Fig. 2 shows 
the general appearance of the indicator. 

The above methods of charging for current may 
appear somewhat arbitrary at first sight,but in reality 
they are not so ; it is certainly advisable and right 
that some sort of sliding scale system for payment 
as sketched in the above arrangement should be 
adopted. 

It is impossible to describe in detail all the elec- 
tricity meters as made to-day — their name is legion 
and many of them are extremely complicated — all 
that can be done therefore is to describe briefly one 
or two meters of the better known tjrpes. 

Meters may be either integrating watt meters or 
merely ampere hour meters, but in both cases their 
readings are taken as registering Board of Trade 
units ; in the case of ampere hour meters, however, 
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it is assumed that the volts remain constant. As a 




Fig. 2. — Wrigbt's maximum demand indicator. 

matter of fact the volts do not remain constant, but 
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the customer pays just as though there were no 
variation. With integrating watt meters if the 
pressure rises the increase of volts is registered on 
the dials, and th,e consumer pays both for the increase 
in units and also for the lamps that are destroyed 
owing to the increase of pressure. It is well there- 
fore that the Board of Trade has issued the above- 
mentioned regulations regarding the variations of 
pressure at which electric current is to be supplied 
from central stations. Meters that have no shunt 
circuits are ampere hour meters ; of this class the 
Ferranti and Chamberlain-Hookham direct current 
meters are good examples. Of integrating watt 
meters the Aron and British- Westinghouse meters 
are good examples. 

Some meters are driven by clockwork, like the 
Aron & Mordey-Fricker meters ; others again are 
known as electric motor meters, and of these the 
Ferranti and British- Westinghouse & Thompson may 
be taken as examples. For registering small currents 
the Bastian electrolytic meters are largely used, as 
they are cheap to manufacture. They are made 
on an entirely different principle ; the current passes 
through an electrolytic cell consisting of slightly 
acidulated water, and liberates oxygen and hydrogen 
in exact proportion to the current traversing the 
cell. This meter will be described later. It can 
only be used with direct currents. 

Some meters, like the Aron & Mordey-Fricker, 
can be used for both alternating and direct currents. 

One of the principal difficulties in the manufacture 
of meters is to make certain that they read correctly 
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with very small currents passing through them. If, 
for instance, the total range of a meter is up to 50 
amperes at 200 volts, it is extremely doubtful if it 
will register correctly the current consumed by a 
lamp of 8 c.p. On the other hand, a meter with a 
range of only 10 amperes would be much more likely 
to register correct the currents from one lamp. It 
is advisable therefore when applying for a meter to 
instal one with as low a maximum current as is 
consistent with safety in order to secure correct 
registration at low readings. This point is fre- 
quently overlooked, and it often happens that when 
houses are left in charge of a caretaker and only a 
small amount of current is consumed the meters 
register incorrectly at the low readings, and trouble 
arises. 

Aron Meter, — ^This meter has reached a high state 
of perfection after many years of development, and 
from a theoretical point of view is perfect. It has 
a wide range, and will register the smallest currents, 
but it has a very large number of parts, which means 
necessarily that it is more liable to get out of order 
than a meter with fewer parts. By referring to 
Fig. 1 it will be seen that there are two pendulums, 
each of which is worked by a separate clock, and 
both these clocks are electrically wound up every 
ten minutes or so by an exceedingly ingenious 
winding arrangement worked by the shunt current. 
The energy from the spring is transmitted to both 
clocks by means of a differential gear, so that if 
one clock tends to stop the other can go on. 

At the end of each pendulum there is a shunt 
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coil, and as long as the pressure remains constant 
the current in these coils remains constant. The 
coils at the bottom of the instrument are called 
the main coils, as they carry the total current 
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Fig. 1. — Aron Meter. 

through the meter. These two coils are wound in 
opposition to one another. The action of the meter 
is as follows : When a current flows through the 
main coils one of the pendulum coils is attracted 
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and makes the clock attached to it go faster, and the 
other coil is repelled, making its clock in this case 
go slower. The variation in pace of the two clocks 
is transmitted to the dials through a second differ- 
ential gear. The meter is so calibrated that the 
dials register the current and pressure in units (the 
pressure is registered because increase or diminution 
of current in the pendulum coils acts on the pace 
of the clocks in a similar manner to alteration of 
the current in the main coils). From the foregoing 
it will be obvious that when there is no current 
passing through the mains the two clocks should 
go at exactly the same pace, or synchronously, as it 
is termed. Now this synchronism is difficult of at- 
tainment in practice, so in this meter an extremely 
beautiful arrangement has been introduced to obvi- 
ate the necessity of having absolute synchronism. 
This works as follows : Assuming one clock to go 
faster than the other, the error thus introduced 
would be obviated if the pendulums could be period- 
ically interchanged, as the slow clock would then 
travel faster and the fast clock slower ; now in 
practice it is of course impossible to shift the pen- 
dulums, but to all intents and purposes it can be 
done electrically by reversing the current in the 
shunt coils on the pendulums periodically. This is 
done by a switch worked by the clockwork, and at 
the same time an additional wheel in connection 
with the mechanism working the dials is thrown 
into gear, thus causing the dial hands to turn always 
in the same direction in spite of the reversal of 
current in the shunt coils. In order to be appreci- 
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ated, the mechanism of this meter should be thor- 
oughly examined. The differential, winding, and 
synchronizing gears are each perfect in their way, 
and are worthy of careful study. The instrument 
can be calibrated to some extent by altering the 




Fig. 2. — Diagrammatic sketch of connections in Aron Meter. 

relative position of the pendulum and main coils or 
by altering the resistance in series with the pendulum 
coils. 

If used as an alternating current meter it is neces- 
sary to make trifling alteration in the electro magnet 
working the winding gear. 
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Fig. 2 shows diagrammatically the electrical con- 
nections. JJ is the reversing switch for the pendulum 
coils, and R a resistance in series with these coils.. 
P is the coil for the seM-winding arrangement, and 
the main current passes through the coils SS, 

Mordey dh Fricker Meter. — This ingenious meter 
is also a clock meter, and is hand wound. Except 
for the clockwork, it has very few parts, and it is 
designed especially as a cheap meter for small cur- 
rents. Its range is not great, but it will record very 
small currents, and can be used either for alternating 
or direct currents. It has no shunt current, and is 
therefore an ampere hour meter. The clockwork is 
that of an ordinary spring balance-wheel clock, but 
the hair-spring and balance-wheel are replaced by 
a magnetizing coil conveying the main current, and 
a wheel with a number of soft iron needles laid 
parallel to one another and embedded in slate. The 
arrangement of the needles is similar to that of the 
magnets on the ordinary marine compass card. 

On referring to the figures it will be seen that the 
balance-wheel with the needles embedded in it is 
made to vibrate inside the current coils, and these 
coils act like the hair-spring of the balance-wheel, 
the pull they exert being exactly proportional to 
the current passing through the coils ; the result of 
this is therefore that for small currents the clock 
goes very slowly, and consequently the balance- 
wheel with the needles vibrates slowly from side to 
side, and as the current increases the clock goes 
faster and faster and the balance-wheel vibrations 
are proportional to the current. The range of the 
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meter is small because difficulties arise when the 
comparatively speaking large balance-wheel is made 
to move backwards and forwards very quickly. 
This meter reads direct in units, and the dials record 
the number of vibrations of the balance-wheel. As 
the balance-wheel is heavy, it is suspended by means 
of a tensionless thread from the top of the instrument 
as shown in the diagram. As the accuracy of this 
meter depends on the amplitude of the vibrations 
being equal at all loads, a very ingenious arrange- 
ment has been introduced by which the balance- 
wheel is made to do work against friction towards 
the end of each vibration by setting in motion a 
small V-shaped piece of metal, which oscillates to 
and fro at each vibration until the amplitude is 
reduced to the normal. 

When the current is passing through the meter 
the clock ceases to work entirely, and therefore the 
mainspring does not run down. It is found in 
practice that an eight-day clockwork is sufficient 
to work the meter for a full quarter. 

Chamberlain <& Hookham Meter, — This meter is 
one of the best known and most reliable meters. 
The direct current instrument is an ampere hour 
meter which has, comparatively speaking, few parts. 
It is an electric motor meter, the magnetic field tra- 
versing the armature being produced by a permanent 
magnet. A, (See Figure, which shows a back view 
of the meter.) The lines of force from this magnet 
travel along BB, and then divide into two directions, 
part travelling upwards through the iron pillars EE 
and the brake disc 0, and completing the magnetic 
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Chamberlain and Hookham Meter. Back view. 
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circuit through the iron bridge piece G. The other 
part, travelling downwards through the mercury 
bath L L, containing the copper armature disc N, 
completes the magnetic circuit through the iron 
bridge piece DD, 

The main current is made to pass through the 
armature disc N by means of the copper strips KK, 
which are connected to the terminals //. 

The mercury bath L L is in connection with the 
ends of the copper strips KK, so that there is a circuit 
of very low resistance between the two terminals //. 
The armature N revolves because the current and 
lines of force mutually react on one another, pro- 
ducing a torque. The torque thus produced is 
directly proportional to the current, provided the 
magnetic field remains constant ; therefore the revo- 
lutions of the armature are also directly proportional 
to the current, and the dials are connected to the 
armature spindle in such a way that the current con- 
sumed is recorded in units. 

The brake disc on the same spindle as the arma- 
ture is inserted in the magnetic circuit to prevent 
the meter going fast ; it is, in fact, merely a brake 
which acts with a force nearly constant whatever 
the current may be passing through the meter. It 
causes the motor to do a small amount of work, and 
increases the range of the meter to a very large 
extent. 

The friction on the pivots of the armature spindle 
is reduced to a minimum, as the weight of this part 
of the mechanism, including the brake disc, is carried 
by the mercury bath. 
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In order to compensate for the fluid friction of 
the mercury travelling round in the bath, a small 
coil, H, of a few turns only is introduced into the 
main circuit, and this has the effect of weakening the 
magnetism through the brake disc, and thus allows 
the meter to go a little faster to compensate for the 
loss of speed due to the fluid friction. 

These meters are all sent out with a testing co- 
efficient label by which a meter can be tested for 
accuracy at any time when in position. The cali- 
bration of the meter is so arranged that the current 
in amperes passing through the meter multiplied by 
the time in seconds (or fraction of a second) taken 
for one revolution of the armature disc is equal to 
the testing constant. Thus, for insta^nce, if the 
testing constant is, say, 17, and the current passing 
through is 10 amperes, one revolution of the arma- 
ture will be completed in 1*7 second. It is gener- 
ally convenient for purposes of accuracy to take 
the time of several revolutions, say 20, in which case 

current x time of 20 revolutions ^ ^. ^ ^ 

=testmff constant. 

20 ^ 

By thus taking the time of a given number of 
revolutions of the disc at any given current, the 
working of the meter may be efficiently and quickly 
checked without reference to the dials. 

When installing the meter the mercury bath is 
filled through a tube fixed to the bath, and before 
the meter will work the indiarubber pad pressing 
against the brake wheel must be released by turning 
the screw which keeps it in position (this rubber pad 
and screw is not shown in the drawing). 
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Westinghouae Alternating Current Integrating Watt- 
Meter, — Three figures are given here of this interest- 




V 1 ^ 



ing meter. Figures 1 and 2 give general views of 
the instrument, Fig. 3 a diagrammatic sketch of the 
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magnetic and electric circuits. It is a motor meter 




Pig. 2. — Westinghouse meter with dials and brake magnet removed. 

and the student should study the theory of single 
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phase induction motors in order to grasp the theory 
of this meter. The armature consists of light metal 
disc revolving between three alternating magnetic 
poles (see Fig. 3). The current in the fine wire coils 
is caused to be out of phase with the current in the 
main coils by the insertion of an inductive resistance, 
and the result is that there is a shifting magnetic 
field traversing the disc, which is thus subjected to 
a torque and revolves at a rate proportional to the 
current passing through the main coils. Owing to 
the peculiar shape of the magnetic circuit and the 
presence of the air gap F, the shunt current tends to 
make the lines of force traverse the air gap F, but 
the alternating current from the main coils creates 
lines of force through the disc, and the result is that 
during one-quarter of a complete period the lines of 
force due to the main coil assist in increasing the 
lines of force flowing round one-half (say the right- 
hand half in the figure) of the magnet, and during 
the second quarter of the period assist the lines of 
force flowing round the left-hand half. During the 
next half period the conditions are exactly reversed, 
the lines of force flowing in the opposite direction 
through the disc. The disc is therefore subject to 
four distinct alterations of magnetism during each 
complete period, but each alteration tends to make 
the armature rotate in the same direction. As the 
number of lines of force passing through the disc is 
exactly proportional to the current in the main coils, 
the meter can be calibrated so that the dials read in 
units. The action of the'^small compensating coil 
C, which consists of a few" short circuited turns, is 
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to increase the magnetism through the armature, 
and so make it go a little faster and thus compensate 
for loss in speed due to mechanical friction. 

In these meters calibration is so arranged that at 
the full stated current passing through them the 
revolutions of the armature disc is always 60 per 
minute ; at half the stated current the revolutions 
will be 26, and so on ; therefore, by counting the 




Fig. 8. — Diagram allowing Electro-Magnet and Electrical Circuits of 
the Westinghonse Integrating Wattmeter 

revolutions of the armature disc for a certain period 
at any given current, it can be quickly ascertained, 
without elaborate testing and reference to the dials, 
if the meter registers correctly. A magnetic brake, 
shown in Fig. 1, acts in exactly the same way as in 
the Chamberlain-Hookham meter already described. 
Ferranti Meter, — ^This meter is perhaps more 
largely used than any direct current meter, and is 
very reliable and simple. It is a motor meter, and, 
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Fig. 1. — Section of Ferranti meter. 
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unlike other meters, only one pole of the electro- 
magnet is used to act on the current passing through 
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Fig. 2, — Ferranti meter. 

the armature, which in this case consists of a bath 
of mercury. The motor may be described as a 
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series wound unipolar motor, since the magnetic 
driving force is increased as the current increases in 
the coil surrounding the magnet. In Fig. 1 is given 
a section of the meter. The current entering at T 
passes up the steel pole 8 P, and enters the centre of 
the mercury bath MB at G ; from this point it 
traverses the bath radially in every direction to the 
outer iron rim IR, and from this rim a connection 
is taken to the copper coils C G, and from these finally 
to the other terminal T. The mutual reaction of the 
radial currents and the electro-magnet would cause 
the mercury to revolve at a rate proportional to the 
square of the current, but as the fluid friction due 
to the revolving mercury varies as the square of the 
velocity, the resulting velocity of the mercury is 
directly proportional to the number of amperes 
passing through the meter. It must be borne in 
mind that in this meter both the radial current in 
the mercury and the magnetism in 8P increase with 
increase of current ; therefore the tendency is for 
the mercury to revolve as the square of the current 
passing through the meter. The light fan F, re- 
volving in the mercury, transmits the motion to the 
train wheels at the top by means of a worm, W, and 
a very ingenious arrangement called the swing-plate. 
8P is introduced, whereby different ratio wheels 
can be conveniently introduced to enable the dials 
to read in Board of Trade units at any voltage. The 
steel pole 8P is made permanently magnetic, so that 
the meter can start with a small current, and in 
order to avoid permanent increase of magnetism, 
which might take place due to a short circuit causing 
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a large amount of current to pass through the coil, 
the steel pole is surrounded by a soft iron cylinder, 
8, which acts as a protective shield. Fig. 2 shows 
the general appearance of the meter. 

This meter as at present made is the result of 
very many years of hard work and patient research, 
and is thoroughly reUable. 

Bastian Meter, — As mentioned above, this is an 
electrolytic ampere hour meter, and depends for its 
action on the fact that direct currents, when passing 
between electrodes, can split up water into oxygen 
and hydrogen. The amount of these gases pro- 
duced, and therefore the amount of water that leaves 
the instrument as gases, is strictly proportional to 
the current passed through the meter. This meter 
is shown in the figure, and consists essentially of a 
glass tube open at the top containing acidulated 
water and two platinum plate electrodes. A gradu- 
ated scale reading in Board of Trade units is placed 
at the side, and as the level of the Uquid falls owing 
to the elements of water being given oflE as gas, the 
scale reading opposite the height of the liquid gives 
the number of units consumed. In order to prevent 
atmospheric evaporation a layer of oil is poured on 
the top of the liquid, and the junction line between 
this oil and the water acts as a pointer. A vulcanite 
frame at the end of the glass tube acts as a support 
to the electrodes, which consist of two platinum 
plates placed close to one another at the bottom of 
the tube, the leading-in wires being protected from 
electrolysis by vulcanite tubes. 

These meters are suitable only for small currents, 
159 



INTERNAL WIRING OF BUILDINGS 
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as the drop in pressure due to the passage of the 
current would be too great for heavy loads ; up to 
6 or even 10 amperes, however, they are largely used, 
but in any case there is probably a larger loss of 
pressure in these meters than in any other type. 
They can, however, be very cheaply made, and 
therefore conunand a large sale. As ampere hour 
meters they are very accurate, and they also register 
correctly very small quantities of current. 

When the level of the liquid falls to the bottom 
reading of the scale the tube must be refilled with 
water till the zero mark is reached. 

Meter Reading and Testing, — It is not easy for 
any one unacquainted with meters to read the dials 
accurately, so a few hints may here be given on the 
subject. On the dials of nearly all meters it will be 
seen there are arrows showing the direction in which 
the hands should move ; if they move in the con- 
trary direction the meter is not connected rightly 
to the mains. There are usually four dials, the left- 
hand one indicating " thousands " of units, and the 
others hundreds, tens, and single units. If now, for 
example, on the " thousands " dial the hand points, 
say, to the number 7, it is not safe to assume that 
7,000 units have been consumed until the dial next 
on the right has been consulted ; if this dial shows, 
say, 9, the true reading wiU be 6,900 odd, but if it 
shows, say, 1, the true reading will be 7,100 odd ; 
similarly, in order to read the hundreds dial cor- 
rectly, reference must be made to the next dial on 
the right. A little practice will enable any one to 
read meter dials correctly. 
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As a general rule meters are supplied and kept in 
order by supply companies for a fixed annual charge, 
and in cases of dispute they can be tested either by 
the engineers of the supply companies or by some 
independent authority. In London the London 
County Council have a meter-testing laboratory, and 
any meters can be tested by them for a small fee. 
In the appendix to this volume their regulations and 
scale of charges for testing are given. If a con- 
sumer doubts the accuracy of. his meter and sends 
it to be tested, it is usual for him to pay the testing 
fee if the meter is proved to be accurate within 6%, 
but for the company to pay if the error exceeds 5%. 
In cases where the error is more than 5% an allow- 
ance is usually arrived at between the parties to 
compensate for the inaccuracy of the meter. 
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Appendix 

REGUT.ATIONS OF INSURANCE AND ELEC- 
TRIC SUPPLY COMPANIES 

OWING to the rapid growth of electric supply 
undertakings, and the dangers inherent in in- 
stallations badly arranged, fire insurance oflSces issue 
regulations that must be complied with before the 
fire risk is taken over. The regulations of the dif- 
ferent companies are made out on similar lines, and 
the best and most comprehensive are those issued 
by the Phoenix Fire Office. The rules of this com- 
pany are given later in this chapter in full, and should 
be carefully studied, as any installation completed 
on the lines given in them cannot fail to be a success. 

The various supply companies also issue rules 
that must be observed before the connections to the 
mains are made. The rules in these cases refer 
more especially to the insulation tests required. 
As an example of the rules of a supply company 
those of the Westminster Electric Supply Corpora- 
tion are given here. 

The Institution of Electrical Engineers has also 
issued a series of rules embodying all that is best 
in the latest modern practice, and these rules touch 
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on debatable points, such as the current density 
allowable in the smaller conductors and the fixing 
of cut-outs in ceiling roses, etc. Most of the points 
mentioned in these rules have already been dis- 
cussed, but for purposes of reference they, too, are 
given here in full. 



THE PHCENIX FIRE OFFICE RULES FOR ELECTRIC 

LIGHT INSTALLATIONS AND ELECTRICAL POWER, 

COOKING, HEATING, INSTALLATIONS, ETC. 

The best method of arranging an Incandescent Electric light 
Installation is for the electrical mains after leaving the main 
switches and cut-outs to be brought to an incombustible switch- 
board, split between the poles. The board should have " Buss 
Bars " in front, to which the mains should be attached, and 
circuits should be taken from these buss bars, each circuit having 
a switch and a cut-out on the board for eaxih condTJucJtor, If the 
circuits be large, they should be taken again to smaller boards 
of similar make and design to the above, and from these small 
2-wire circuits not carrjdng more thfim 6 amperes when the electro- 
motive force of the current is 100 volts or thereabout, nor more 
than 2J amperes if the electro-motive force of the current is 200 
volts, should be taken with a single switch^ and double cut-outs 
on the board to each. When the circuits that leave the first 
main board are small, a single switch and double cut-outs for 
each circuit can be used, unless in certain special risks or cases. 

CONDTTCTORS. 

Rule No. 1. Where practicable, all conductors in a building 
should be so placed as to be easily accessible, and capable of being 
thoroughly inspected whenever required. 

Conductors should not be run out of sight, such as between 

^ If the consumer desires still farther security he might have two 
switches placed up instead of one. 
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floors and ceilings, inside roofs, behind skirting-boards, wains- 
coting, etc., if it can be avoided. No conductors to be run inside 
the roof of a theatre or other hazardous risk. 

No conductor to be placed where it would be liable to injury 
of any kind, either mechanical or otherwise, nor where it would 
be subjected to a temperature that might afifect .the insulation 
upon it. 

No. 2. All conductors must have sufficient sectional area, so 
as to allow at least 100 per cent, more electricity being safely 
sent through them than will ever possibly be required for the 
lights they are to supply. 

By safety is meant that there shall be no perceptible heating 
of the conductors to the touch ; and when proportioning their 
sizes, the possibility of their sectional areas getting diminished 
by corrosion, mechanical injury, etc., as time goes on, should 
never be forgotten ; the importance of this cannot be overrated. 

Under normal conditions for internal work, the quantity of 
current sent down a conductor must TUft exceed the ratio of 1,000 
amperes per sectional square inch of copper, provided the amount 
passing through the said conductor does not exceed 100 am- 
peres ; should the amount of current exceed 100 ampdres, the 
ratio of course must be less. 

In proportioning the size of the conductors, the incandescent 
lamps must not be considered less than 16 candle-power each, 
unless special permission to the contrary be given. 

The conductors to be of copper, the conductivity of which 
should not be below 98 per cent, of that of pure copper. 

All conductors of a larger sectional area than No. 16 S. W. G. 
to be composed of strands. No conductor of less size than No. 
18 S. W. G. should be used except in fittings, and in these no 
conductor should be less than No. 20 S. W. G. 

It is as well to arrange the work when it can conveniently 
be done so that not more than 100 amperes pass down any single 
conductor. 

The use of copper is not obligatory in all cases. 

When insulated copper is used the copper should be " tinned " 
or otherwise protected from the possibiUty of any injurious action 
upon it from the insulation. 
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No. 3. No naked conductor, or conductors, allowed in a build- 
ing. 

Unless in those biases for which special permission has been 
obtained to use naked conductors. 

No. 4. All conductors (except those for certain special risks) 
must be highly insulated with very substantial coats of india- 
rubber of the highest quality, which mttst be specially prepared 
to last, and which must be of approved thicknesses (or other 
specially approved equally good material (or materials) that will 
not too readily become plastic, that is, impervious to moisture, 
and of lasting quality, and to use which special' permission in 
vrriting ha« been obtained). With regard to the coats of india- 
rubber, the outer ones must be of vulcanizing india-rubber, but 
the ones next the metaUic conductor must be of pure india- 
rubber (unless permission to the contrary be given), and the 
whole taped and properly vulcanized together, and the insulation 
should be further protected by strong and durable coverings, 
such as braided hemp and the like, which should also be so treated 
as to be impervious to moisture. The insulation should be as 
uninflammable as practicable, regard of coiu^e being had that 
neither its ef&cacy nor its durability is in any way diminished 
thereby, and must contain no ingredient that would injuriously 
affect the metallic conductor it insulates unless efficient safe- 
guards have been taken to protect the metallic conductor from 
any possibility of such injury. 

The insulation on a conductor must be in the form of a homo- 
geneous tube, and it is desirable that the india-rubber composing 
the tube be a« thick as possible. 

No material or materials will be allowed to be used imder 
any circumstances for the purpose of insulation, except those 
that are approved by the Technical Adviser of the Fire Office. 
The composition, quality, thickness, make and resistance of 
the insulation of all conductors must be to his entire satisfac- 
tion. 

Nothing is stated above as to the resistance required in the 
insulation of conductors before being placed up in a building, 
so many cases having occurred of insulation that ha« given ex- 
tremely high results so far as tests are concerned before being 
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placed up, breaking down after having been in use for a short 
time. What is really required is an insulation that will last, even 
though its resistance may not have been originally so very high. 
It may be mentioned, however, that the insulation resistance of 
conductors before being placed up should not be less than 400 
megohms per mile in dry places and 1,000 megohms per mile 
in damp places. The tests must be taken with an electro-motive 
force of not less than 400 volts after the cables have been im- 
mersed in water at 60° Fahr. for 24 hours, and with one minute's 
electrification. 

No. 5. In non-hazardous risks the conductors, having been 
thoroughly well insulated, as described under Rule 4, should 
be enclosed in iron or other approved metal tubes, or in other 
approved fireproof tubes, or in substantial wood casing ; if wood 
casing be used, the conductors must be kept apart by a con- 
tinuous fillet or width of wood, and the fillet or width of wood 
should be at least one inch in breadth in the case of mains €md 
principal branches, and half -inch in breadth in that of the smallest 
branches. The casing should be composed of sound, hard, well- 
seasoned wood. 

No tube of any kind, or arrangement of tubes, will be al- 
lowed that is not approved by the Technical Adviser of the Fire 
Ofl&ce. No tube will be allowed of any material that does not 
meet with his approvaL 

When a system of metal tubes is employed, the metal tube 
should be earthed, except in those cases where earthing would 
not be desirable. 

In no instances, unless special permission has been obtained 
to the contrary, are conductors to be unenclosed. When 
permission has been obtained to run conductors unenclosed, 
then the mains should be kept at least from 4 to 6 inches, and the 
small branches at least 2 inches apart ; and no conductor should 
be less than 2 inches from any other conductor, or conducting 
substance, unless special precautions against contact have been 
taken. When the electro-motive force exceeds 220 volts, the 
distance the conductors in the mains and principal branches 
should be kept apart from each other, and from all other con- 
ducting substance, ought to be at least 6 inches, unless permission 
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for a lesser distance be given. With regard to the small wires, 
the distanpe apart must be to the satisfaction of the Technical 
Adviser of the Fire Office. 

When unencased conductors are allowed, they should be 
fastened to approved porcelain or earthenware insulators. 

Where external injury is possible, care must be taken to en- 
close the conductors in metal or other approved fireproof tubes, 
or in special casings, or in such other approved manner that will 
tend to prevent any injury accruing to the conductors as time 
goes on. 

In hazardous risks all conductors should be very highly in- 
sulated, and be laid in iron, steel, or other approved metal tubes, 
or in sound, hard, well-seasoned wood casing, thoroughly well 
treated with an approved fireproof paint or compound, unless 
wood casing is not considered desirable ; or such other pre- 
cautions may be required that may be considered requisite, 
having regard to the circumstances of the risk. 

For theatres and very hazardous risks, see Rule No. 38. 

In all risks, if the electric-motive force of the current used is 
of 200 volts, or upwards, special precautions, varying according 
to the electric -motive force employed and the surrounding con- 
ditions, may be required, if considered necessary. 

When the current is of extremely high electro-motive force, 
then the conductors may have to be encased and kept apart 
as described in Rule No. 29, for the primary conductors carrjdng 
alternating currents to secondary generators, or be arranged in 
such special manner as may be decided, having r^ard to all the 
circumstances of the cewse and the risk. 

There must be no crossing of wires in casing. 

A nimiber of conductors may be placed in a single iron or steel 
tube. 

When alternating currents are used, conductors must not be 
placed separately in metal tubes. 

Great care must be taken with regard to the jointing of tubes 
(or pipes) and also that the tubes are so arranged that they 
will be free inside from moisture. Where necessity they must 
be furnished with proper junction boxes. 

No non-fireproof tube will be allowed without permission. 
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The interiors of metal tubes might be lined with an approved 
insulating compound, but this is not obligatory. 

There must be no "bunching" of positive conductors to- 
gether or of negative conductors together in wood casing in 
any hazardous risk without permission. No ** bunching '* will 
be allowed in any place or in any risk that may be deemed un- 
desirable by the Technical Adviser of tiie Fire Office. 

No " bunching ** should be done in any risk where the E.M.F. 
of the current supplied is 200 volts or upwards, without per- 
mission, unless the conductors are in approved metal tubes. 

When lamps are in series, the minimum distance apart of any 
two conductors (or portions of the circuit) must be regulated by 
the diiSerence of potential between such conductors (or portions 
of the circuit). 

The small conductors about lamp fittings cannot always com- 
ply with Rule No. 6. The work, however, in connection with 
them must be of a thoroughly secure character. 

It is preferable that all wood casing in non-hazardous risks 
be treated with an approved fire-proof paint or co;npound, in 
order to render it as non-inflammable as possible. 

The covers of the wood casing should be screwed on ; they 
should be screwed at the sides. The covers for large casings 
should be screwed at the centre as well as at tiie sides. 

It is sometimes desirable to putty the joints of wood 
casing. 

Conductors should never be laid in brickwork, concrete, ce- 
ment, plaster or like materials, whilst the same are wet, or while 
they are drying, when there is any liabiUty of the conductors 
of their insulation being injured thereby. 

Care must be taken to ensure that any cement or putty that 
may be used contains no oil or other ingredient that would be 
injurious to tiie insulation of the conductors, or would in any 
way cause the insulation resistance to be lowered. 

No. 6. Flexible twin- wire should be kept as free as possible 
from the vicinity of inflammable materials, be very carefully 
protected by cut-outs ; its insulation should be substantial and 
protected as much as possible against abrasion. Flexible twin- 
wire should not be in any position where it could make an earth, 
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nor must it be hidden away. Too much attention cannot be 
bestowed on this rule. 

All twin-wires, and the positions in which they are placed, 
must be to the satisfaction of the Technical Adviser of l^e Fire 
Office. 

Twin-wires are not allowed in certain risks without per- 
mission. 

Frequent examination of twin- wires should be made. 

No. 7. All conductors in buildings passing between floors 
and ceilings, inside roofs, behind wainscoting, through par- 
titions, or otherwise out of sight, must be enclosed in approved 
metal tubing or other approved tubing or wood casing, unless 
in the opinion of the Technical Adviser of the Fire Office tubing 
or wood casing would not be desirable. Under some circum- 
stances the precautions with regard to hidden work will require 
to be special. 

No conductor carrying a current of over 230 volts to be laid 
out of sight, between floors and ceilings, behind wainscoting, 
etc., without permission. 

No. 8. All conductors in a building that are exposed to 
moisture must have thoroughly waterproof insulation, and 
special care to protect the conductors from damp must be taken. 
All casings, under similar conditions, in or about a building must 
also be thoroughly waterproof, and of lasting material and 
character. Too much care cannot be taken with regard to these 
matters. 

When conductors are being placed in buildings during course 
of construction, or before the buildings are " dry," the utmost 
care should be taken to guard against injury to the insulation 
joints, fastenings, switches, casings, etc., from the action of any 
damp material or materials ; from neglect of these precautions 
much trouble has arisen in installations. Wood casings should 
not be used in floors or walls, etc., where they might be affected 
by the damp or moisture given off by the building. All work 
in a building, such as above described, should be "speciaL" 
An electrical contractor should never be required to place up 
work in a building if it be not sufficiently " dry." 

Wood casing inside or under roofs should be especially pro- 
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tected against moisture, and if casing be used it should be ren- 
dered as waterproof as possible, and all joints puttied. Metal 
pipes would be preferable to wood casing. 

Electric work should not be placed underneath water pipes, 
cisterns, pavement gratings, etc., unless special precautions have 
been taken against moisture. 

No. 9. External conductors attached to a building must, 
unless permission to the contrary be given, be insulated, and 
the insulation must be of a waterproof and durable character 
calculated to resist deterioration from atmospheric influences. 

The insulation, method of fixing, general arrangement, etc., 
to be to the satisfaction of the Technical Adviser of the Fire 
Office. 

Conductors passing over a building come under this rule. 

No. 10. Conductors must never pass through party walls 
separating two risks, unless permission to do so has been given ; 
and when this has been obtained, provision must be made, so 
that the conductors cannot be a means whereby fire can be 
communicated from one risk to the other. 

If conductors are carried up Ufts, special precautions may 
in some cases be required. 

No. 11. All conductors passing through the exterior walls 
of buildings must be insulated and enclosed in separate earthen- 
ware or approved metal tubes, or laid in a cement not injurious 
to the insulation, in the manner described under Rule No. 5. 

The arrangement must be such as not only to prevent moisture 
entering, but also fire penetrating from the outside by running 
along the conductors. 

Conductors should never enter the building through a roof 
without special permission. 

Joints. 

No. 12. When two conductors are joined together, the junc- 
tion must be soldered. All joints must be most carefuUy made 
and insulated. The insulation of joints must be as perfect as 
possible, of a lasting character and waterproof; special care 
must be taken to guard against moisture in damp places. 
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Where conductors are run in metal tubes junction boxes 
should be provided for joints. 

No joints should be placed in situations where they would be 
Uable to moisture. 

Joints should be highly insulated with layers of rubber strip 
with rubber solution between, and then layers of prepared binding 
tape with rubber solution between, and when possible a vulcan- 
ized rubber sleeve might be drawn over the whole, 

Under certain circumstances the insulation of joints should be 
vulcanized. 

Wherever possible, joints should not be immediately oppo- 
site to each other in wood casing. 

Resin should be used when soldering. 

The surface of a joint should be smooth after soldering and 
have no projecting points that might tend to pierce the in- 
sulation. 



Cut-outs. 

No. 13. Wherever a branch is let off any conductor to supply 
current for one or more incandescent lamps, or for any other 
purpose, a short length of lead, tin, or other fusible metal or 
substance, must be inserted at the junction of the branch with 
the conductor, or as close thereto as possible ; and the lead, tin, 
or other fusible metal or substance, must be of such section, 
length and nature, that if the current passing through it exceeds 
the normal current by 50 per cent., then it will fuse and dis- 
connect the branch. In those circumstances where it is con- 
veniently preicticable to have cut-outs that will fuse at a lees 
excess above the normal than 50 per cent., these must be placed 
in. All cut-outs should be proportioned to fuse at as small an 
excess above the normal as is compatible with the proper and 
efficient working of the Ughts, and be enclosed in approved fire- 
proof boxes, when not placed upon incombustible distribution 
boards. Porcelain or earthenware boxes are preferable to use. 
Cut-out boxes must be of an approved type, 
i Cut-outs should not have less than a clear inch break for 
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currents up to 100 volts pressure, nor less than H" to IJ^ for 
currents of from 100 to 200 volts ; the break must be of such 
a length or so arranged that an arc could not be sustained be- 
tween the terminals of the cut-out. The quantity of current 
passing, as well as its electro-motive force, must be taken into 
consideration. 

When the current used is of 200 volts or upwards (especially 
if the curr^nt is obtained from a central station and deUvered 
from a three or more wire system) cut-outs must not be placed 
in ceiling roses without permission ; every branch should be 
protected by a cut-out on each pole. 

When the normal current sent down a small wire does not 
reach half of the safe-carrying capacity (as described in Rule 
No. 2) of the said branch, then the cut-outs may be arranged 
to fuse at a higher percentage than that stated in the above 
paragraph, provided such amount of current does not exceed 
100 per cent, of the normal current of the small wire, and that 
the margin of safety is not lessened thereby. All principal 
branches, and branches having a considerable number of Ughts, 
must have cut-outs on both poles. Small branches, taken off 
conductors of much larger size, and the branches supplying 
current to fittings containing several Ughts should have cut-outs 
on both poles. 

When the current is derived from a central station, or from 
accumulators, no branch canying 4 amperes or upwards should be 
without cut-outs on both poles. 

All cut-outs, including the materials of which they are 
composed, and the positions in which they are placed, 
must meet the approval of the Technical Adviser of the Fire 
Office ; many cases having occurred of cut-outs faiHng to act 
when required, and even, sometimes, themselves being the cause 
of a fire. They should never be placed under floors, inside roofs, 
or behind wainscoting, or skirting-boards, or in wood cupboards, 
etc., unless special precautions are taken, and special per- 
mission obtained. They must be so arranged and mounted 
that no danger could arise in the event of their heating or fusing. 

Chit-outs should be in fire-proof boxes when not on incom- 
bustible boards. 
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When the maximum amount of current carried by a branch 
or small circuit never exceeds between 4 and 6 amperes, and 
this branch or small circuit is provided with a cut-out on each 
pole, then no other cut-outs need be used between them and 
the lights, unless considered advisable by the Technical Adviser 
of the Fire Office. 

By " branch " is meant any conductor issuing from another 
of greater sectional area. 

If any conductor, by re-uniting with any other conductor, 
or by any other arrangement, becomes technically part of the 
main, it will still be considered as a branch if its sectional area is 
less than the conductor it issues from, and must be protected as 
such. 

The mains themselves, both positive and negative, must be 
protected by cut-outs, which should be placed as near the d3niamo 
(or source of electricity) as possible ; these, like the other cut- 
outs, must be proportioned to fuse at as small an excess above 
the normal as is practicable and compatible with the efficient 
working of the installation. The excess above the normal must 
not exceed 60 per cent, without permission. 

When one main of a high tension system is earthed it need 
not have a cut-out unless required by the Technical Adviser of 
the Fire Office. 

In a 3 -wire system the cut-out on the middle wire may be 
made to fuse at a greater excess of current above the normal 
than that above stated — it may be proportioned to fuse at 100 
per cent, above the normal current. 

If, however, a branch is already protected by cut-outs on the 
mains, or on a superior branch, then it may not be necessary to 
again protect it by other cut-outs, unless required to do so by 
the Technical Adviser of the Fire Office. 

The Technical Adviser of the Fire Office may give permission, 
under certain circumstances, for a larger proportion of current 
than 60 per cent, above the normal to be carried by a cut-out. 

When lights are grouped, as upon electroliers, etc., the small 
wires to each Ught cannot always have cut-outs. Care should 
be taken, however, that the last controUing cut-out carries as 
small an amount of current as practicable, and that it will 
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act before the smallest wire runs any risk of getting unduly 
heated. 

When an incandescent installation is arranged on the " mul- 
tiple circuit" system with distributing switch and cut-out 
boards, the ultimate distributing circuits should carry as small 
an amount of current as possible — ^not more than from 4 to 5 
amperes, and be protected by cut-outs on both poles. 

With regard to arc circuits, or when incandescent lamps are 
arranged in series, the question as to whether fusible cut-outs, 
or what other kind of cut-outs, should or should not be used, 
will be decided as each particular case arises ; so much de- 
pending upon the arrangement of the lights and the system of 
lighting. When arc Ughts are arranged in parallel, the conductors 
must have cut-outs. 

Should it be desired to use magnetic cut-outs, or any other 
kind of cut-out, in Ueu of fusible ones, permission must first be 
obtained. 

Fastenings. 

No. 14. The fastenings of conductors should be composed 
of a non-conducting material. When permission has been given 
to run conductors unencased, they should be fastened to approved 
porcelain or earthenware insulators. When, however, metal 
staples are allowed to be used, a piece of india-rubber, or other 
approved insulating material, should be inserted between the 
head of the staple and the insulation of the conductor. Staples, 
however, ought never to be used, saddles or cleats of an approved 
insulating materisd being preferable. 

In the case of external conductors, the fastenings ought al- 
ways to be composed of a non-conducting material. 

Earth Return. 

No. 16. No earth return allowed. 

Unless in those cases where special permission to the contrary 
has been given. 
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Switches. 

No. 16. The house mains must have switches on both poles, 
and the same arrangement should be carried out as well as all 
the principal branches when the current is supplied from a central 
station or from accumulators. The arrangement ahovM he sv^ch 
that the current can be entirely stvitched from the lights in any 
portion of the building the occupier may desire. 

It should never be forgotten that turning off a single switch, 
although it puts out the lights, does not turn off the electricity, 
which is still on, and which, under certain circumstances, may 
break out and fire the place. AU the principal portions of a 
building, therefore, should be controlled by double sujitches. 

When one main of a high tension system is earthed, then 
neither a switch nor a cut-out need be placed on it unless re- 
quired by the Technical Adviser of the Fire Office. 

All switches to be of such construction and make that they 
will not be liable after short use to get out of order and heat 
or fire. Their construction should also be such that it would be 
impossible for them to remain in any intermediate position 
between full on and off. 

All switches must be mounted and placed in such a secure 
manner that no danger can arise in the event of their heating. 
They must also be so mounted that leakage of electricity from 
them is rendered impossible. Their rubbing surfaces should be 
large and their break quick ; the break of the switch must be 
of such length that an arc could not be sustained. 

Switches inside buildings, for instance, must always have an 
incombustible base, the insulation of which should be perfect ; 
no metal- work canying current should be exposed at the under 
side of the base ; the cover should be incombustible, the switches 
should be kept perfectly free from moisture ; the fastening 
screws should not come into contact with the wall, but be separ- 
ately fixed into an insulating block. 

With regard to switches contained in the sockets of lamps 
(" key sockets "), these will be allowed in those places and under 
those circumstances only for which permission has been obtained 
from the Technical Adviser of the Fire Office. 
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The last controlling switch should carry as small an amount 
of current as is conveniently practicable. The current carried 
by it should not, except under special circumstances, exceed 
6 amperes. 

No. 17. Every conductor must have a switch and a cut-out 
placed on it at the point of entrance into a building when the 
current is generated externally ; and the conductors for this 
purpose must be brought into the building in as perfectly secure 
a manner as possible to a suitable place for fixing up these 
switches and cut-outs in thoroughly secure and accessible posi- 
tions. The switches must be so arranged that they always act 
together — that is, one cannot be turned on or oflf without the 
other or others. 

When a building is in the occupancy of various tenants, each 
tenant must have double switches and double cut-outs, so placed 
as to enable the current to be entirely cut off from the branch 
that suppUes his tenancy. The conductors should be brought 
in in a perfectly secure manner for the safe placing up of these 
switches and cut-outs. 

A cellar may be considered as a building or part of a building 
from a fire point of view, unless there are circumstances that do 
not warrant this in the opinion of the Technical Adviser of the 
Fire Office. 

When the source of supply is internal, then a switch and a 
cut-out should be placed in the dynamo-room on each conductor 
from the dynamo or dynamos, unless, in the opinion of the 
Technical Adviser of the Fire Office, the switches might be dis- 
pensed with. 



SWITCSH BOABDS AND DiSTEIBUTION BOABDS. 

No. 18. Switch boards and distribution boards should be 
composed of a non-conducting fireproof material. They should 
be in a dry and secure place and most carefully fixed and mounted, 
and the arrangement of the work in connection with them, 
especially at the back, should be such that if a fire broke out at 
the board the fire would have a difficulty in spreading. 
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The boards should be " split," i.e., the positive portion separ- 
ated from the negative part ; the conductors should be brought 
to metal " buss " bars upon them, from which circuits should be 
taken, each circuit having a cut-out and a switch on each pole, 
except with regard to small circuits, which could have a single 
switch on one pole, but a cut-out on both sides. 

The boards and distribution boards should where possible 
have an incombustible frame with glass front. Under certain 
circumstances an oak, teak, or mahogany frame will be allowed. 

When the current is generated on the premises, the switch- 
board and its surroundings should not only be incombustible, 
but there should be sufficient space at the back of the board to 
enable a man to comfortably get behind it at any time, unless, 
of course, the circumstances are such that such precautions are 
not warranted in the opinion of the Technical Adviser of the Fire 
Office. 

Switch and distribution boards should not be placed on match 
boarding, or on wood walls of lifts, or on wood fittings in shops 
containing goods. 

Connections, Resistances, Lamps. 

No. 19. All resistances, bare or other connections, lamps, 
etc., must be mounted and placed so securely that no danger 
could arise in the event of their heating. They must be so 
mounted that leakage of electricity from them is impossible. 
All connections must be as perfect as possible. Resistances must 
be securely mounted upon approved incombustible material, 
and placed in very secure positions, well away from all com- 
bustible materials, and they must be enclosed in approved metal 
cases or boxes unless permission to the contrary be given. Many 
fires have been caused by resistances, and it is impossible to over- 
rate the importance of their being securely situated. 

Incandescent Lamps. 

No. 20. All inflammable materials must be kept at a perfectly 
safe distance from incandescent lamps. Incandescent lamps 
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may sometimes get exceedingly hot, and be the means of causing 
a fire to break out. If shades be used they should be incom- 
bustible. No combustible shades should be in contact with an 
incandescent lamp. 

Shades made of celluloid or analogous substances are not 
allowed. 

Incandescent lamps in shop windows must be kept well away 
from combustible goods, and so arranged that combustible goods 
or material cannot come into contact with them. 

When placing incandescent lamps care should be taken that 
they make proper contact, or heating may arise. 



Lamp Holdbbs, Ceiling Roses, Wall and Floob 
Sockets. 

No. 21. All lamp holders must be incombustible and of an 
approved type. It is preferable to solder the ends of flexible 
wires when composed of fine strands before attaching them to 
the holders. 

All ceiling roses must be of an approved kind, and should be 
composed of an approved incombustible material and be most 
carefully made and fixed. Their construction should be such 
that no strain could be thrown on the pendant wires at their ter- 
minals in the ceiling roses. Ceiling roses should be fastened to 
back blocks. Ceiling roses must not contain cut-outs without 
permission when the electro-motive force of the current used 
is 200 volts or upwards. 

No wall sockets with flexible conductors will be allowed in any 
place or in any risk that the Technical Adviser of the Fire Office 
may consider to be unadvisable. All wall sockets must be of 
an approved kind and composed of an approved incombustible 
material and the greatest care must be exercised in fixing them. 
The flexible conductors should be most substantially insulated 
and the insulation well protected against injury. 

Floor sockets are not allowed unless special permission has 
been obtained. 
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Imitation Candles. 

No. 22. Imitation candles must be incombustible and of 
approved construction. 

Abo Lights. 

No. 23. No naked lights are allowed. If arc lights are used 
they must be furnished with globes enclosed at the base, and so 
arranged at the top that no sparks or flame can escape; the 
globes should be of substantial make, so as not to readily break 
if a carbon falls or bursts. The globes must be covered roimd 
with wire netting. When arc Ughts are run in series, means 
must be taken for maintaining the constancy of the current, 
whatever number of lamps may be burning. 

In some risks arc lamps must be completely enclosed by two 
separate globes, and the lamps must be of such a nature that 
the arc could not be sustained unless the inner globe remained 
intact. ^ 

Inverted arc lamps must be of an approved type, and unless 
permission to the contrary be given, enclosed. 

In certain risks arc lights are not allowed. 

Arc globes should be enclosed at the base by a metal plate. 

Eleotboliebs. 

No. 24. ElectroUers should be fastened to an insulating block 
which should be separately fixed to the wall or ceiling. The 
wiring should be of a most secure and lasting character, and care- 
fully arraneged so that it would not be Uable to mechanical injury. 

All electroUers and fittings must be composed of incombustible 
materials. 

Gas Wobk and Elbotbioal Wobk. 

No. 25. Electrical work must not be situated in confined 
spaces containing gas pipes without proper safeguards. 
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Gas fittings and electric light work should be kept quite dis- 
tinct from each other. 

Gas fittings should never be used for the electric light unless 
permission to do so has first been obtained. The gas fittings 
would then have to be made thoroughly suitable for the purpose, 
and so arranged that it would be impossible for them to be 
the means of an " earth " being set up. 

The utilization of gas fittings for the electric light may be the 
cause of the entire installation breaking down. 



CJONCBNTBIC CJONDUCTORS. 

No. 26. Concentric conductors will be allowed under those 
circumstances and in those places for which permission has first 
been obtained and when the particular system and design pro- 
posed have been previously approved. All joints and connec- 
tions must be so made that freedom from undue heating would 
be absolutely secured, and the outer conductor must be so 
securely protected that all danger from injury, corrosion, or other 
causes (electrical or otherwise) would be effectually prevented ; 
the precautions taken must be such that it would be impossible 
for the conductors to be affected by moisture. The whole of 
the work must be done to the satisfaction of the Technical Adviser 
of the Fire Office. 

The insulation resistance between the internal wire and the 
return of a concentric conductor before being placed up should 
not be less than 500 megohms per mile for installations in which 
the current used is of 160 volts or thereabout ; if a higher voltage 
is used the resistance must be greater (according to the E.M.F. 
employed) if required by the Technical Adviser of the Fire Office. 

The internal wire should be positive if possible. It must be 
insulated to the satisfaction of the Technical Adviser of the 
Fire Office in accordance with Rule No. 4 ; the insulation must 
be impervious to moisture and of approved thickness. This in- 
sulation should have two approved metallic envelopes, the first 
one forming the return conductor, the second one forming the 
" guard " ; these, except when the system is earthed, must be 
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insulated from each other in the same manner that the internal 
wire and the return are insulated from eaxih other. The 
"guard" must be an absolutely efficient protection against 
mechanicfiJ injury taking place to the return conductor, and also 
an efficient protection against any accession of moisture to the 
insulation, especially when the system is earthed. 

The carrying capacity of the conductors must be at least equal 
to the ratio of that laid down for copper in Rule No. 2 ; if how- 
ever a metal other than copper be used, the specific resistance 
of which is greater than that of copper, then the sectional aretts 
of the conductors must be proportionally increased. < 

No metal, however, will be allowed to be used for the con- 
ductors that does not meet the approval of the Technical Adviser 
of the Fire Office ; the thickness also of the metallic envelope 
forming the return and the " guard '* must be to his satisfaction. 

All switches and cut-outs must be enclosed in approved fire- 
proof boxes. 

If the system is to be earthed, then the earthing must be done 
to the satisfaction of the Technical Adviser of the Fire Office, 
but no earth connections will be allowed to a gas pipe, or to lead 
or compo pipes. 

If any part of a concentric system be earthed, then the whole 
system must be concentric, unless permission to the contrary be 
given. 

Switches and cut-outs should always act on the internal (or 
Uve) wire when the system is earthed. 

The insulation resistance of the work when placed up must 
never be below that given in Rule No. 34 for general wiring. 

When the system is earthed the tests of course will refer to the 
pole that is unearthed. 



Electrical Power Installations, Electrical Machinery 
AND Apparatus. 

No. 27. No motor, d3niamo, transformer, or any apparatus 
for generating electricity to be placed in any room except the 
engine room (or other approved room), in any cotton, woollen, 
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lace, flax, jute, com, oil, saw-mill, etc., or in any mill or factory 
of a like description, or in any room or place where any hazardous 
manufacture or process is carried on, or in which hazardous goods 
are stored, or where there is risk, without certain special pre- 
cautions being taken with regard to safety. Unless permission 
to the contrary be given by the Fire Ofl&ce. 

Electro motors and dynamos, etc., when in buildings such as 
above described and not situated in the engine-room (or other 
approved room) must be placed in an approved fireproof com- 
partment, so that if the motor, etc., fired, the fire should not 
spread ; and provision must be made that no fine dust, " fly *' 
waste, etc., could get in, hence the compartment should not 
ventilate into the building but into the outside air, and the only 
apertures in the walls of the compartment into the building 
should be for the shafting and conductors. The door should be 
of iron or other upproved fire-resisting material. The pulley 
should be external, but the resistances, if not in the engine-room, 
should be placed inside the above compartment. 

With regard to metal cases, these should never be employed 
to cover a motor if their use would cause the motor to unduly 
heat, or be a source of danger through persons being liable to get 
shocks. 

It must, however, be remembered that the fire risk of buildings 
varies so greatly that it is impossible to draw up hard and fast 
rules that shaU apply to all. In some buildings it may be neces- 
sary to carry out the whole of the above precautions ; in others 
it may not be necessary to enclose the motors at all ; therefore 
when motors, etc., are to be placed up in buildings, inquiries 
should be made of the Fire Office as to the proper precautions 
requisite. 

No motor should be placed on a wood floor in any building 
— the wood floor under the motor should be protected by fire- 
proof material to the satisfaction^of the Inspector of the Fire 
Office. 

Wherever a motor or dynamo, etc., be placed, special care 
should be taken that it be thoroughly well insulated from earth. 

Each motor should be on a separate circuit. 

The arrangements with regard to each motor should be such 
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that the current can be entirely disconnected by switches from 
both poles of the motor, and conductors in connection therewith, 
when the motor is not in use. 

When motors are not enclosed in a fire-proof compartment, 
care must be exercised that they are placed in thoroughly secure 
situations, and so arranged that if on fire, the fire would be pre- 
vented as far as possible from spreading ; the resistances must be 
enclosed in a metal case or box, and be securely placed to the 
satisfaction of the ^^echnical Adviser of the Fire Office. 

An electrical power installation requires at least the same 
safeguards that apply to an electric light installation, in which 
the conditions of supply and the electro-motive force of the 
current are similar. 

With regard to very small motors for fans, the question as 
to whether these should be enclosed or not will depend upon the 
nature of the risk and the situation of the motor, etc. 



ACCUMXJLATOBS AND BaTTBMBS. 

No. 28. Where accumulators or primary batteries are used, 
the mains, both positive and negative, must have a switch and 
a cut-out upon each. The principal branches must also be pro- 
tected in a similar manner. Small conductors taken oQ the 
mains must have cut-outs on both poles. Accumulators must 
be placed in a secure and approved part of the premises, and 
where there is thoroughly good ventilation ; they should be 
thoroughly well insulated from earth. All work in connection 
with them should be thoroughly examined periodically. 

The conductors, from the regulating cells of the accumulators 
to the regulating switch-board, must be protected by cut-outs 
as close to the regulating cells as possible. 

All wood casing and conductors, etc., should be coated with 
an approved compound that will protect them as much as pos- 
sible from the injurious action of acid fumes or sprays. 

A full description of any primary battery intended to be used 
must be sent to the Fire Office. Certain kinds of batteries are 
not allowed to be used without permission. 
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The current should be able to be turned off at the accumula- 
tors whenever required, and the same applies to primary batteries. 

The lug connections of accumulators should be periodically 
examined. 



TBANSPOBBiBB SySTBM. 

No. 29. When transformers (or secondary generators) are 
employed, and the alternating primary current is of high electro- 
motive force, neither the transformer nor any portion of the 
primary work in connection therewith should be placed inside 
any building, but in a fireproof chamber apart. If this cannot 
conveniently be done, then the fireproof chamber may be placed 
in aia approved position inside the building, preferably against 
aia external wall, so that the primary conductors may enter 
direct ; and not traverse any portion of the building. 

The primary conductors must be most heavily insulated with 
pure and vulcanized india-rubber of the highest quality, specially 
prepared to last, and of approved thicknesses (or other approved 
equally good material or materials), in the manner described under 
Rule No. 4, and they must have a very strong external covering, 
and the insulation resistance must be very high indeed, and to 
the satisfaction of the Technical Adviser of the Fire Office. The 
conductors must be kept at a distance of 6 to 12 inches from 
each other, and when they enter the transformer chamber (or 
inside any other building for which permission has been given) 
they must be enclosed in approved separate casings, which must 
be of a non-conducting material, waterproof and fireproof, and 
these casings should be channelled into the brick or stone walls 
of the building ; and the arrangement must be such that no 
leakage of electricity could take place to earth from either of 
the conductors, or any short circuit from one to the other. 

The primary conductors must be e€ich furnished with a switch, 
uid these must be interlocked: they must also each have a 
cut-out, which will act at or below 26 per cent, above the normal 
current. The switches and cut-outs should be of such design 
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and make that an arc in many of them could not be sustained 
— they should be placed as close as possible to the entrance of 
the primary conductors into the fireproof chamber. 

When one main is earthed, then no switch or cut-out need 
be placed upon it imless required by the Technical Adviser of 
the Fire Office. 

When permission has been given for primary conductors to 
enter a building before reaching the fireproof chamber, then the 
switch and cut-outs should be enclosed in approved fireproof 
boxes, and placed in accessible and secure positions outside the 
building, if possible. If they cannot be placed outside the 
building, then they must be situated in approved positions as 
close as possible to the entrance of the primary conductors into 
the building. The position of all switches must be such as to 
be readily accessible in order that the primary current can at 
once be turned off if required. 

The whole of the primary work within or upon any building 
should be so situated and arranged that it could not be tampered 
or interfered with by unauthorized persons, and the arrange- 
ment should be such that, if any portion heated or fired, no 
damage to the building would result. 

Too much attention cannot be bestowed with regard to the 
proper placing of all portions of the primary work, and the 
rendering of them safe and reliable. 

A transformer should be so constructed that a leak between 
the primary and secondary coils is rendered impossible, and 
also that it would be impossible under any circumstances for 
the primary current to get into the secondary conductors. All 
secondary work must be protected by an approved automatic 
apparatus (or arrangement) at or near the transformer, so that 
in the event of the difference of potential between either second- 
ary conductor and the earth rising at any time above 300 volts, 
then the apparatus will instantly act, and cut off the current ; 
so that it would be impossible for the electro-motive force of the 
current in any of the conductors in the house to be raised over 
300 volts. The difference of 300 volts is mentioned, lest there 
should be a difficulty in providing an apparatus that would be 
sufficiently sensitive and reliable under a lesser increase of 
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voltage. A safety device should act at as low an increeise of 
the voltage as is compatible with the proper and efficient working 
of the lights. 

It would be preferable if the secondary work in the house 
were also protected by an approved device, so arranged that in 
the event of the resistance to earth of any circuit falling below 
1,000 ohms, then it would instantly act and cause the primary 
current to be at once cut off from the building. 

Unless special permission be obtained, the primary current 
entering a house transformer must never exceed 3,000 volts. 
Should the current be generated higher than this, and reduced 
by means of transformers, then at each transformer, inter- 
mediate between the house transformer and the generating 
dynamo, there must be placed an approved automatic apparatus 
(or device) whereby the conductors leading from each trans- 
former, in the direction of the house or houses to be suppUed 
with current, can under no possible circumstances have their 
electro-motive force raised more than 10 per cent, above the 
normal. That is to say, supposing the current is generated at 
10,000 volts, and converted down to 3,000 volts, then the mains 
carrying 3,000 volts could never be charged with electricity of 
a higher electro-motive force than 3,300 volts. 

The secondary conductors must be highly insulated, as before 
described in Rule No. 4 ; and they should be furnished with 
switches and cut-outs on both poles, except in the case of small 
branches, when single switches and single cut-outs may be used. 
The whole of the work should be of the very highest quality. 

When transformers, primary switches, and primary cut-outs 
are enclosed in metal casings, these casings should be connected 
to earth, if it can conveniently be done. 

Where the primary conductors enter and leave the double- 
pole switch, or enter the transformer, and it is not possible to 
keep them the above-mentioned distance apart, then a shorter 
distance may be allowed, provided they are protected to the 
satisfaction of the Technical Adviser of the Fire Office. 

Where the secondary conductors pass out of the transformer 
house, they should do so separately, in approved earthenware 
or other fireproof tubes or casings. 
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Care must be taken that the earthing wire of any safety device 
is not attached to, or in contact with, a gas pipe. 

When transformers are to be arranged in series, permission 
must first be obtained. The alteration of safeguards necessary 
will be decided as each particular case arises. 



Multiple Paballel (ob Multiple Sebdcs) System. 

No. 30. When the " multiple parallel " (or " multiple series ") 
system is intended to be used in any building, special permission 
must first be obtained in every case. The insulation of the con- 
ductors should be of the highest possible character, similar to 
that described in Rule No. 29, for the primary conductors when 
transformers are used ; and all work should be of the very best 
possible description ; and on the surface where practicable. 

Every parallel (or series) must have an efficient automatic 
" protector ** of such make and design, that if the difference of 
potential of that parallel should rise to 26 per cent, above the 
normal from any cause whatsoever, then the protector will 
instantly bring back the potential to the normal, or else cut out 
the parallel (or series). Means must also be adopted in the 
dynamo-room for maintaining the constancy of the current, 
whatever number of lamps may be burning. A main switch 
must be placed in a fireproof box, in a secure and accessible 
position outside the buildings, when the electricity is generated 
externally ; when the source is internal, then it must be situated 
in the dynamo-room. Efficient precautions must be taken to 
prevent earthing of the conductors either inside or outside of 
the premises. 

By " dynamo-room " is meant any place in which the elec- 
tricity is generated. 



Three (or more) Wire System. 

No. 31. When a building is supplied with current upon the 
three-wire system, the electro-motive force of the current in 

l88 



INTERNAL WIRING OF BUILDINGS 

the building may have to be considered, from a fire point of view, 
equivalent to that existing between the first and last conductors 
of the series, notwithstanding that two conductors only are 
brought into the building. 

Thus in a three-wire system with 100 volts pressure between 
each outer conductor and the central one, the electro-motive 
force inside a building may have to be considered as equalling 
200 volts from a fire point of view. If there be 250 volts between 
each outer conductor and the central one, the electro-motive 
force may have to be considered as 600 volts. 

On a three- wire system the switches placed upon the three, 
wires must be so arranged that the three always act together. 

If the system has more than three wires the electro-motive 
force of the current may have to be considered as depending 
upon the particular wires of the series brought in, and their 
relation to the outer ones of the series. 

The whole installation should be arranged in circuits from 
an approved incombustible distribution board, each circuit 
having a switch and cut-out on each pole. The distribution 
board to be split. 

All conductors must be protected by a cut-out on each pole. 

When, however, a bruich carrying not more than four to 
five amperes has cut-outs on both poles, the Technical Adviser 
of the Fire Office may give permission for no other cut-outs 
to be used between these and the lights. 



Central Stations and Supply Conductoes 
(Sebvice Lines). 

No. 32. When electricity is sent from a central station, each 
conductor must have a switch and a cut-out at its point of en- 
trance into the premises supplied with current, and (as stated 
in Rule No. 17) the conductors must be brought into the buildings 
in as very secure a manner as possible to points suitable for 
placing up these switches and cut-outs in thoroughly safe uid 
accessible positions. It is impossible to overrate the importance 
of taking all known precautions with r^ard to the prevention 
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of fire when placing in the service lines, and coupling them up 
to the house wiring. The cut-outs should act at as small an 
excess of current above the normal current as is compatible with 
the proper and efficient working of the Ughts — the excess above 
the normal current should never exceed 50 per cent., unless per- 
mission to the contrary is given. The switches and cut-outs and 
conductors should be effectually protected against uiy possi- 
bility of moisture getting to them. 

Where the service lines are brought into a warehouse, or 
buildings of Uke nature, containing quantities of inflammable 
goods, or when they are brought into any special risk, the service 
lines, main switches, main cut-outs, and the meter should be all 
enclosed in a fireproof chamber, out of wljich the house mains 
should pass in approved fireproof tubes. 

The occupier must be able to turn off the electricity entirely 
from his premises whenever he considers it necessary. The 
switches should be of quick and wide break type, and they must 
be so arranged that they will always act together. 

Cut-outs may be placed on the service lines in a service box 
outside the premises, instead of at the points of entrance. 

Cbntkal Stations and Accttmulatobs. 

No. 33. When currents of 200 volts or over, used from a 
central station (or other place) to charge accumulators, and- 
secondary house circuits having a current of lower potential 
than that of the current from the central station, are taken 
from the accumulators, then the conductors for the house cir- 
cuits should be provided with a device or arrangement by means 
of which their connection with the accumulators during the time 
these latter were being charged would be prevented. 

Tests. 

No. 34. In any electric light installation in which the current 
is continuous and has an electro-motive force of 230 volts or 
under, the insulation resistance both with regard to earth uid 
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between conductors over the whole installation must not get 
below the following : — 



Installations of 12 


Lights ' 


. 1,000,000 Ohms, 


26 


„ 


600,000 


60 


,, 


260,000 


100 


»» 


126,000 


600 


»> 


26,000 


1,000 


» 


12,600 „ 



When the lights are proportionate between the above numbers, 
then the insulation resistance should be correspondingly pro- 
portionate. 

The insulation resistance of the separate circuits or branches 
of the installation should also be taken, and should not be less 
than the above table. 

' The minimum insulation resistance for currents of higher 
electro-motive force than 230 volts will be decided with regard 
to each instance as it arises, so much depending upon the par- 
ticular circumstances of the case. 

For alternating currents of similar electro-motive force the 
minimum insulation resistance must be twice the above number 
of ohms respectively. 

Under normal conditions the fall of potential in the conductors 
in a building should not exceed two volts at the farthest points 
of any circuit when all the lamps are alight. 

Under certain circumstances the Technical Adviser of the 
Fire Office may give permission for the insulation resistance to 
be less than that contained in the before-mentioned table. 

A statement of the insulation tests must be supplied if re- 
quired. 

All tests should be regularly entered in a book kept for the 
purpose. 

An isolated installation should contain an automatic device 
that would give a warning if a leak were set up to earth in any 
portion of the premises. 

The pressure of the testing current should not be less than 
100 volts if possible. 
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No. 36. Wherever electricity is supplied from a " central sta- 
tion " to one or more buildings, accurate insulation tests should 
be made at least once daily over the whole system ; and a record 
be kept of the same. Too much attention cannot be bestowed 
on this matter, especially where transformers are employed, or 
when the multiple parallel (or multiple series) system is used. 



Lightning Pbotbction. 

No. 36. All conductors from a central station, entering, or 
connected to, or traversing any building or buildings, should, 
where necessary, have an arrangement of Ughtning dischargers 
that will efficiently prevent the said conductors being a mecuns 
whereby Ughtning can enter the above-named building or build- 
ings. 

Overhead conductors, supported by poles on roofs, will be 
considered as being connected to those buildings on which the 
poles are situated. 

In private installations where the electricity is generated at 
a considerable distance off, the carrying mains should have 
lightning dischargers. 



Wabbhousbs, Drapers' Shops and Hazardous Risks. 

No. 37. Special precautions may be required to be taken with 
regard to electrical work in risks of the above kinds ; no work 
should ever be commenced or done without first consulting the 
Fire Office and learning what precautions it considers necessary 
under the particular circumstances of the risk. 

In Drapers* Shops and risks of a similar kind the greatest care 
must be exercised, not only to keep the lamps but all switch- 
boards, switches and cut-outs as a safe distance from all com- 
bustible materials and goods. Too much attention cannot be 
given with regard to fixing up the work securely, and the utmost 
care should be taken to render it impossible for goods to come 
into contact with incandescent lamps or their conductors. No 
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arc lamps to be in any position in a draper's premises that may 
be deemed undesirable by the Technical Adviser of the Fire 
Office. No portable lights on flexible conductors should be 
placed in the shop windows or shops, where there are inflammable 
goods. 



Cektbal STAmoNS, Theatbes, Mills ai^d vbby 
Hazabdous Bisks. 

No. 38. In very hazardous risks, special precautions may 
have to be taken, such precautions necessarily varying according 
to the pecuHarity of the circumstances of the hazard. 

With regard to Central Stations the buildings should be fire- 
proof, of one storey construction, and lofty. They should con- 
tain no match boarding, uid not be crowded up. The switch- 
boards should be fireproof, and so placed that there be ample 
room for a mui to work securely, safely, and comfortably behind 
them at any time. The positive and negative conductors should 
be on separate boards where practicable. The work should be 
on the front of the board as far as possible, uid no apparatus of 
any kind should be placed behind if possible ; the surroundings 
of the switch-boards should be fireproof. 

If the conductors are brought to the switch-board by means 
of a tunnel, the tunnel should be fireproof and contain no other 
apparatus if possible, and where the conductors pass through 
the floor, to or from the tunnel, arrangements should be made, 
so that fire would have difficulty in passing along them. 

The temperature of the station should be kept as low as 
possible. 

Too much stress cannot be laid upon keeping the station al- 
ways clean. 

With regard to Theatres, the work should be of a special 
character — the work in connection with batten, wing and float 
lights should be incombustible if possible, the switch- 
board incombustible, and arranged with the view of the 
minimum amount of danger arising if a fire broke out about 
it ; the work in connection with floor plugs or temporary attach- 
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ments should be fireproof and special, great care being taken to 
prevent any liability of heating being set up in them from bad 
contacts or other causes ; fixed conductors on the stage should 
be in iron or steel tubes or in oak casings or other specially ap- 
proved casings ; any loose conductors should have very strong 
coverings to their insulation ; all lights must be at a safe distance 
from all inflammable materials ; and all work specially pro- 
tected against liability to injury. 

All work should be in circuits, as small as can conveniently be 
arranged, with double switches and double cut-outs to each. 
No work to be inside any roof. 

In Paper Mills the greatest precautions must be taken against 
damp and corrosive vapours or gases. 

In Sugar Mills special precautions have to be taken to prevent 
deleterious action from the high temperature, and in some 
instances from corrosion. In some places it may not be ad- 
visable to place up electrical work. 

In Saw Mills, great care must be taken, especially with regard 
to keeping all work free from injury, and also the cut-outs, re- 
sistances, switches, switch-boards, etc., free from fine dust. 
The work should be of the highest class throughout, and in cir- 
cuits with double switches and double cut-outs to each. The 
same remarks apply to Cotton Mills ; here the materials used 
and the dust (" fly ") given off are more inflammable. 

In Printing Works, Com Mills, etc., special care has to be taken 
with regard to security. 

Again, in risks where naphtha or certain chemicals are used, 
a solvent action may be set up on the insulation, or the chemicals 
employed might act upon the electrical work and slowly or 
quickly eat it away ; the conditions might be such that it would 
not be advisable to place up any electrical work. 

Very hazardous risks vary so greatly that each one requires 
to be separately considered with regard to its special character- 
istics, and no electrical work should ever be placed up without 
previously consulting the Fire Ofl&ce and obtaining its sanction. 
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Electrical Heating. 

No. 39. When any building or portion of a building is to b© 
heated by electricity, notice must be given to the Fire Office ; 
the system and arrangements must be such as meet the ap- 
proval of the Technical Adviser of the Fire Office, and no elec- 
trical heating or arrangements will be allowed in any building 
or in any part of a building that do not meet with his sanction. 

The same general electrical safeguards must be taken with 
regard to the installation as are required by the rules for an 
electric Ught installation, so far as they apply, but with the 
addition of such other safeguards as are stated here, or may 
be considered requisite by the Technical Adviser of the Fire 
Office. 

The same general safeguards for security from fire will be 
required with regard to electrical radiators, etc. (electric stoves), 
that would be considered necessary by the Fire Office if the 
radiators, instead of being heated by electricity, were heated 
by other means. They will be considered as stoves. Arrange- 
ments must be made so that the temperature of the radiators 
will not exceed that for which permission is given. 

All radiators (stoves) must be fixed at such safe distance from 
wood work and all other combustible substances as may be 
required by the Fire Office. 

No radiator to be fixed in roofs, cupboards, nor in any position 
or place that may be objected to. 

Every radiator should be protected by its own separate cut- 
outs, and should have double switches. 

All radiators should be fixed to, or stand upon, approved fire- 
proof insulators. 

All sockets and plugs should be incombustible ; they must be 
to the approval of the Technical AdWser of the Fire Office. No 
sockets will be allowed in any place nor in any risk that he may 
consider imdesirable. 

Floor sockets are not allowed (unless previous written per- 
mission has been obtained). If permission to use them be given, 
the connections must be sweated into thimbles ; they must be 
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efficiently protected against mechanical injury, and from damp, 
and other injurious influences. 

Every socket should be so constructed that the contacts are 
automatically covered when the plug is removed. 

The main conductors, and all principal branches, must have a 
switch and cut-out on each conductor. 

The conductors for suppl5dng current to the radiators must 
be attached to proper terminals of large canying capacity. 

No conductor to be unencased without permission. The in- 
sulation upon any unencased conductor must be of special char- 
acter, and have very strong coverings. 

No conductor or any part of the work to be so placed that 
they will be exposed to mechanical injury. 

No conductors to be so placed that they can be exposed to 
undue heat from the radiators. The insulation of the conductors 
at the radiators should be special and of fireproof character if 
necessary. 

All work and materials to be of the highest character, and 
to the satisfaction of the Technical Adviser of the Fire Office. 
The entire installation (including the insulation resistance of 
the whole work, both with regard to earth and between con- 
ductors) must also be to his satisfaction. 

With regard to hazardous risks other special precautions may 
be required ; these, of courae, may vary according to the nature 
and circumstances of the particular risk. 

The electric heating installation should be distinct from any 
electric light installation that may be on the premises, unless 
permission be given to the contrary. 

Any apparatus used for giving off or diffusing heat (unless for 
cooking purposes) will come under the head of radiator. 



Electrical Cooking. 

No. 40. The same general rules must be observed aa for 
electric heating,, so far as they apply. 

Every oven, stove, or other apparatus, should be protected by 
its own separate cut-outs and switches. 
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The greatest care must be exercised in so arranging the con- 
ductors that there is no possibility of any of them becoming 
unduly heated, either by proximity or contact with any of the 
apparatus, or from other causes. Care must also be taken that 
none of the electrical work is liable to mechanical injury. 

The insulation of the conductors at or near the oven, stove, 
or other apparatus, may have to be special and of fireproof 
character. 

Special care must be taken with regard to insulation — this 
refers not only to the installation generally, but to the cooking 
apparatus itself. 

With regard to the cooking apparatus the same general safe- 
guards must be taken with regard to security from danger of 
fire that would be considered necessary by the Fire Office if the 
apparatus were heated to similar temperatures by other means ; 
and this applies also to the positions of the apparatus, methods 
of fixing, distance from and protection of woodwork or other 
combustible materials, etc. 

The whole of the work to be to the satisfaction of the Technical 
Adviser of the Fire Office. 



Chabactbb op all Electrical Work. 

No. 41. All work and materials to be of the best character ; 
and the installation to be accurately tested at the time of erection 
for insulation. 

All installations should be periodically examined and tested. 



Notice should be sent to Fire Oitioe. 

No. 42. Before an electrical installation is used notice should 
be sent to the Fire Office, in order that an opportunity may be 
given for the installation to be inspected with regard to its fire 
risk. Full particulars of the proposed installation and all its 
details should be supplied ; the particulars must include a state- 
ment of the maximum current to be sent down the various con- 
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ductors, and the electro-motive force of the current ; also if the 
current is to be direct or alternating, and whether generated 
on the premises or supplied from a central station. Samples of 
the conductors must be sent, that they may be examined. 
Specimens of the cut-outs, protectors, switches and ceiling roses, 
wall sockets, etc*, may be required should the description of 
them be obscure or unsatisfactory. The above particulars 
should be sent before any work of an installation is commenced. 

Should an electrical installation be altered, or the supply of 
current altered, notice should be sent to the Fire Office. 

No departure from any of these Rules will be allowed, unless 
permission to do so is given by the Technical Adviser of the 
Fire Office. The whole of the arrangement, work, fittings and 
materials of the electrical installation must be to his entire 
satisfaction. 

MUSGRAVE HEAPHY, C.E., 
m. inst. b.e., etc. 

Phcbnix Fibb Office. 



ELECTRICAL FIRE RISK. 

Useful Facts to be Remembered. 

Electricity can readily change to fire. 

Any portion of an Electrical Installation improperly placed up 
can self-fire from the Dynamo to the Lamp ; the parts hidden 
away being often the most dangerous, whilst the light itself is 
often the most secure, but even the lamp itself can set fire to 
inflammable materials if it be in contact with them. 

If the passage of Electricity be retarded in any part of its 
circuit, the current of Electricity develops heat. Bad joints and 
imperfect connections may get red hot. 

Conductors of a certain diameter can only transmit a definite 
quantity of Electricity safely (for a rough comparison, Elec- 
tricity going along a conductor may be likened to steam or water 
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passing through a pipe) ; any amount above that causes them 
to become dangerously heated. Conductors from this cause 
have got red, and even white hot; burning their insulating 
coverings and setting fire to everything combustible they were 
in contact with. 

If a Positive and a Negative Conductor ^ are placed too near 
each other, and the insulating material of the conductors happens 
to get rubbed or worn o£f, an " Arc " may be set up, and fire 
will ensue. Hence the importance of keeping conductors well 
apart. 

Fires will arise if a " short circuit " takes place ; that is, if 
the Electricity manages to get from one conductor to the> other 
(which it is always anidous to do), without passing through the 
lights. Anything combustible that the Electricity "short cir- 
cuits " across may be set on fire. Hence the necessity of good 
insulation to the conductors. 

A fire may break out if leakage of Electricity takes place to 
" earth." Hence, again, the importance of good insulation, and 
of keeping conductors free from metal work, such as gas and 
water pipes, etc. 

Moisture will "short circuit" or will "earth" conductors, 
and has been the cause of several fires, some of which have arisen 
from washing floors when the conductors have been under. 
Hence the necessity of waterproof insulation to conductors when 
situated in damp places, or where any moisture can reach them, 
and care required in fixing switches, cut-outs, or any bare con- 
nections. 

There is as much danger from an Incandescent Installation 
as there is from an " Arc " Installation, if either be not properly 
put up. 

In fixing the position of Dynamo, it must be remembered that 
many instances have occurred of Dynamos setting themselves 
on fire. A good deal of sparking may take place at the " brushes," 
and the " brushes " may bum. 

Switches are extremely liable to set up a fire if they get out of 
order, or are improperly constructed, or not properly fixed. 

1 Or, in fact, anv two conductori in which the electro-motive force of 
the Electricity is oifferent. 
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- In laying ovt Installations do not place too great reliance on 
** ctU-otUSy** hvJt rather trusit to the manner the whole work has been 
arranged with regard to safety. Experience proves that " crU- 
ovis" invalwMe as they are, are no sure protection against an 
Electric Fire breaking ovi under certain circumstances. They hive 
even themselves been the cause of fires occurring. 

If your lights are burning dim, and your Electrical Machinery 
is going at its normal speed, then leakage of Electricity is pro- 
bably taking place, and an examination should at once be made. 

// you su)itch out your lights unth a switch that acts on one con- 
ductor only, remember that this does not turn the current off ; it is 
still in the conductors, and a fire can break out under certain cir- 
cumstances (perhaps in the middle of the night) though not a single 
light is burning. Turn off your lights therefore by sudtches that 
act on both conductors, and so cut the current off entirely. 

When an Electrical Fire breaks out, turn off the current from 
both poles at the nearest switches, then use your appUances ; 
the injudicious use of water without these precautions may only 
increase the extent of the fire. 



NOTE. 

If you put up electrical work to tender, remember this : that 
any firm by arranging to place inferior quality of work in your 
premises can easily underprice other firms that are more conscien- 
tious ; and experience proves that inferior work is nearly certain 
to result in a fire breaking out sooner or later — perhaps between 
floors and ceilings, or under roofs. Be careful, therefore, pre- 
vious to accepting a low tender, to make yourself certain that the 
same quality of work has been estimated for and intended to be 
done as that of the higher tender. 

Keep your installation in such a condition that it would be 
affected as little as possible by any leakage to earth from the 
company's mains that supply the current. 

Be sure that all connections are kept in good order, and that 
no screw connection is loose. 
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The electric light in the opinion of the Phoenix Fire Office is 
the safest of all illuminants, and is preferable to any other, when 
the installation has been thoroughly well put up to its satisfaction, 
and the particular system employed has its approval. 

The electric Ught must not be used in places where other 
illuminants are not allowed unless special permission to the con- 
trary has been obtained from the Fire Office. There are also 
certain risks in which the electric light must not be used without 
special permission from the Fire Office. This also appUes to 
electric heating, electric power, etc. 



THE WESTMINSTER ELECTRIC SUPPLY 
CORPORATION, LIMITED. 

i: INSTALLATION WORK RULES. 

Wmmo. 

All the work inside houses is to be carried out in accordance 
with the rules issued by the Fire Insurance Companies. 
The insulation resistance of wire used to be not less than — 

(1) In dry places : 300 megohms per mile. 

(2) In damp places : 600 megohms per mile. 

(3) In pUster-work and walls : 1,000 megohms per mile. 

No joints should be made in wires which are to be buried in 
casing in walls. 

All joints in the insulation to be covered with at least six 
laps of pure rubber; the braiding, cotton, or tape should be 
cut away on either side of the joint, leaving the insulating ma- 
terial and copper conductor to be covered with the pure rubber. 
When this has been put on the whole may be covered with pro- 
tecting tapes, each layer to be soaked in india-rubber solution. 
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Branch Circuits. 

No switch should turn on at one time more lamps than require 
a current of 10 amperes. Each branch circuit must be provided 
with means of disconnecting it on both poles. 

No disused circuit is allowed to be left with the current on the 
wires, but must be cut off close to the mains, or double-pole cut- 
outs must be introduced between the mains and branch and the 
fuse wires left out. 

Fittings. 

In all cases where fittings in connection with gas pipes are used, 
the whole fitting must be insulated in an efficient manner from 
the wall and the gas supply pipe, and all the metal lamp-holders 
must be insulated by ebonite or other suitable material from the 
fitting. 

No combination gas and electric light fittings are to be used 
unless they have been specially examined and passed by the 
Corporation's Inspector. 

No imitation candles or other fittings of celluloid can be al- 
lowed under any circumstances. 

Fuses and Main Switch. 

Both wires of each circuit to be provided with cut-outs, and at 
the entrance to each house two single-pole cut-outs and two 
single-pole switches, or a double-pole cut-out and switch, to be 
fixed in the house mains. 

All fuses should be marked with name-plates, showing what 
circuits they control. 



Main Fuses. - 

At any time after an installation has been tested and passed 
by the Inspector, he will, on request, insert the fuse wires in the 

202 



INTERNAL WIRING OF BUILDINGS 

main cut-out. Under no circumstances whatever must these fuses 
be inserted by the wiring contra-ctor or by the householder. 

If at any later time the Corporation's main fuse should go, 
the householder should at once send word to the Central Station 
from which he is supplied with current, which is always open, in 
order that the cause of failure may be ascertained and a new fuse 
inserted. 

TESTma. 

On receipt of notice at the Head Office that the work is ready, 
the Corporation will send their Inspector, who will make a test 
and examination free of charge. If it turn out that the installa- 
tion is not ready for testing, or if it fail to pass the test, a fee of 
105. 6d. must be paid at the Head Office of the Corporation before 
another test or inspection can be made. 

Notice in writing must be given to the Corporation at their 
Head Office, by the contractors, at least 48 hours before a supply 
is required to be turned on. 

The Corporation will not supply current to any installation — 

(1) If there are any temporary wires or fittings. 

(2) If the whole of the work is not completed and all fittings 
fixed. 

(3) If when testing with a pressure of 100 volts the insulation 
resistance is below the following standard — 



or 12 T-iamps 


. . 5 megohms. 


„ 25 „ 


.. 2-6 


„ 60 „ 


.. 1-5 „ 


„ 75 „ 


.. 1-25 „ 


„ 100 „ 


.. 10 


„ 150 „ 


.. 0-75 „ 


„ 200 „ 


..0-5 „ 


„ 250 „ 


. . 0-3 " „ 


„ 300 „ 


..0-2 



Previous to a test being made by the Corporation's Inspector, 
every fuse in the whole installation must be inserted, all switches 
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turned on, and the lamps removed ; a test for insulation between 
wires will then be made, and in no case must this insulation fall 
below 76,000 ohms. After the test under these conditions is 
completed all the lamps must be put in, and it is the duty of the 
Inspector to see that every lamp lights properly. 



Pressure. 

The current will be suppUed at a pressure of 100 or 200 volt« at 
the consumer's main cut-out. 



Thbee-wibb System. 

In any installation requiring more than 60 amperes, or a large 
and varied supply of current, or current for motive power, the 
Cbrporation reserve to themselves the right of supplying at a 
pressure of 200 volts, with or without subdivided circuits of 100 
volts each. 

MOTOES. 

All Motors must be mounted so that they are efficiently in- 
sulated from earth ; the insulation test required will be in accord- 
ance with the above rule, and will be taken at the equivalent 
number of lamps as represented by the energy required by the 
Motor. Motors must be wound for a pressure of 200 volts, 
and the starting current must not under any circumstances 
exceed 10 amperes, unless special permission to the contrary be 
given. In every case it is essential that a starting resistance, 
wdth a sufficient number of contacts, should be placed in the 
Motor circuit and so proportioned that the starting of the Motor 
flhall under no circumstances cause visible disturbance to any 
lights upon its own or neighbouring circuits. 

CooKiNa AND Heating Apparatus 

must be wound for 200 volts. 
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Abc Lamps. 

All arc lamps fixed out of doors must have a porcelain insulator 
of approved pattern between the lamp and the bracket or support 
of the lamp, even in cases where the frame work of the lamp is 
not in connection with the circuit. Where the lamp is to be 
turned on or off, a resistance must be provided to reduce the 
rate at which the current is thrown on, to the satisfaction of the 
Inspector. Unless special permission be obtained arc lamps 
must be so arranged as to take the supply at 200 volts. 

Street Lamps. 

Where incandescent lamps are used in lamp-posts, and metal 
frame incandescent lamp-holders are used fixed to a pipe inside 
the lantern, an insulating piece of ebonite or porcelain must be 
inserted between the lamp-holder and the pipe to prevent an 
earth circuit being formed by a faulty lamp or by a strand of 
the wire used touching the body of the lamp-holder. 

Sbbvicb Mains. 

The Corporation, in all cases, lay the service mains between 
their mains and the consumer's premises. 

The Corporation will only bring the service mains into the 
consumer's premises, at a point nearest to their service man- 
holes, and will fix the end of their service mains into a cut-out 
box. 

The consumer's house mains must be brought out as far as 
the Corporation's cut-out box, and the ends left ready for sweat- 
ing in, which will be done by the Corporation. 

House mains from the Corporation's service cut-out box into 
the house, passing through damp vaults or out in the open, must 
have an insulation resistance of 2,000 megohms per mile, and 
must be laid in waterproof wood casing, or lead or iron pipes. 

The Corporation do not undertake any wiring or other work 
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which the consumer has to pay for. All such work is to be carried 
out by the Wiring Contractor. 



Mbtebs. 

The Corporation supply at a fixed rental all meters to be used 
on their lighting circuits. Their Inspector will fix the position 
of the meter, which will be as near the point where the service 
mains enter the consumer's house as possible. No switches or 
fuses are to be fixed between the Corporation's cut-outs and their 
meter. To avoid expense it is most desirable that the Corpora- 
tion should be communicated with while the work of installation 
is in progress, in order that the place for the meter and cut-outs 
may be fixed as early as possible, the householder having previ- 
ously made proper application to the Corporation for a supply 
of current. 

The Contractor must leave a bight of from 5 to 6 feet long for 
the connection to the meter, but these connections will in all cases 
be made by the Corporation. 



Leakagb. 

In the event of the insulation resistance of an installation 
falling below 5,000 ohms, after a supply has been turned on, 
and if the servants of the Corporation are not allowed to find or 
remedy the fault, the whole of the installation will be cut off until 
the fault has been put right ; any expenses the Corporation 
are put to in finding such fault are to be repaid to the Corporation 
by the consumer. 

Any circuit which is found defective by the Inspector will be 
disconnected from the supply, and a printed notice will be 
affixed at the junction of this circuit with the supply, forbidding 
the use of this defective circuit until put in order and passed by 
the Inspector. 
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Increase op LianriNa. 

In the event of an increase in the lighting of an installation 
after a supply has commenced, necessitating alterations or addi- 
tions to the wiring, notice in writing to the Corporation must be 
given, and all such work will be tested by the Corporation when 
finished, prior to turning on the increased supply. 

Failure of such notice is liable to enforce the Corporation to 
cut off the whole installation (vide leakage). 

TJie Act provides thai in case of Electric energy being used or 
dealt with by any Consumer in such a manner as to ^^ unduly or 
improperly interfere with the efficient supply of energy to any other 
body or person," the Corporation may, if they think fit, discontinue 
the supply so long as such interference continue. 



RULES OF THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

GENERAL RULES RECOMMENDED FOR WIRING FOR 
THE SUPPLY OF ELECTRICAL ENERGY 

These rules embody the chief precautions and requirements 
which the Institution considers necessary to secure satisfactory 
results. 

They have been drawn up to meet the ordinary cases of 
dwelling-houses, offices, or business premises in which it is 
desired to lay the conductors, and fix the fittings and appliances 
necessary for utilizing electrical energy either for lighting, for 
heating, for motive power, or for other purposes. 

They are arranged in such a form that they may be used as a 
specification of requirements and precautions, which must be 
strictly enforced if a user of electrical energy wishes to have his 
house or premises supplied in such a manner that he may be as 
free as possible from risk of fire, of extinction, failure of supply, 
or danger to person, and at the same time have his work carried 
out with due regard for economy both in first cost and in after 
cost of maintenance 
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The rules are framed to meet all ordinary cases, but they are 
not intended to take the place of detailed specifications drawn 
up by consulting engineers to meet individual requirements. 

They are confined to a statement of well-ascertained require- 
ments, and do not recommend any special system or form of 
apparatus by which these may be best fulfilled. 

For convenience the rules are grouped as below. 



Conductors, 



Fittings, 



OenercUing and UtU- 
izing Appliances, 



1. Conductivity and size. 

2. Insulation. 

3. Joints. 

4. General arrangement. 

6. Precautions where they pass through 
waUs or partitions. 

6. Precautions at points of connection. 

7. Precautions as to switches, fuses, and 

other appliances. 

8. Switches. 

9. Switch-boards. 

10. Fuse boxes and fuses. 

11. Dynamos and motors. 

12. Accumulators or other batteries. 

13. Transformers. 

14. Arc lamps. 

15. Testing the whole and parts. 



Conductors — Conductivity and Size. 



1. They should be of high-conductivity copper, not less than 
100 per cent, conductivity, and where sulphur or other substance 
liable to attack bare copper is contained in the insulation, they 
should be tinned with pure tin. 

Note. — ^The standard of conductivity here referred to is, that 
the resistance of a copper wire weighing 100 grains, 100 inches 
long, should be 01516 ohm at 60 degrees Fahr. 

Their sectional area should be proportional to the heating 
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effect of the current required for the maximum number of lamps, 
or other current-using apparatus, that can be used simultaneously 
on the circuit ; but in no case should the sectional area of any 
conductor be less than that of a No. 18 S.W.G. wire. All con- 
ductors having a sectional area larger than that of a No. 14 
S.W.G. wire should be stranded. 

They should be of such size that, when the maximum current 
is passing continuously through them, their temperature shall 
not exceed 130 degrees Fahr. It will, however, generally be 
found that, if the conductors are worked up to a density of current 
corresponding to this increase of temperature, the resulting fall 
of potential or drop in volts will be inconvenient and uneconomi- 
cal. It is imperative that this temperature of 130 degrees Fahr. 
should never be exceeded, and therefore it is necessary to take 
into account the maximum temperature to which they may be 
subjected, independently of electric heating, in each particular 
locality, and the greatest increment above this temperature 
should not be more than will raise them to a temperature of 130 
degrees Fahr. 

If the maximum temperature of the British Islands be taken 
as 100 degrees Fahr., then the increment due to electric heating 
must not exceed 30 degrees Fahr. ; that is to say, the size of the 
wires should be such that, when carrying the maximum current 
continuously for many hours, the temperature does not rise 
more than 30 degrees Fahr. above the temperature, for the time 
being, of the place in which they are situated. In specially hot 
places the wires should be so large that the electric heating should 
be almost nil, and the wires should be specially insulated with 
insulating material which does not deteriorate at the highest 
temperature to which it will be subjected. 

The Table appended shows size of conductors which will safely 
carry currents up to 740 amperes, and the length in yards of single 
conductor in circuit for each volt of fall of potential when the 
maximum current is in use. 

Insulation. 

2. Insulated conductors may be broadly classed under two 
heads — 
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A. Those insulated with a material as a dielectric which 

is itself so impervious to moisture that it only needs 
further protection from mechanical injury or from 
vermin. 

B. Those insulated with a material as a dielectric which, 

in order to preserve its insulation qualities, must 
be kept perfectly dry, and therefore needs to be en- 
cased in a waterproof tube or envelope, generally of 
soft metal, such as lead, which is drawn closely 
over the dielectric. 

When class A is used, the dielectric must be perfectly damp- 
proof, and not in any case less in thickness, measured radially, 
than 30 mils plus 1-lOth of the diameter of the conductor ; it 
should not soften at a lower temperature than 170 degrees Fahr. ; 
the minimum insulation of a test piece cut from it should be that 
given in column 7 of the Table, the test being made at 60 degrees 
Fahr. after one minute's electrification, and after the test piece 
has been immersed in water for 24 hours. 

When class B is used, the same conditions as to minimum 
thickness and softening temperature of the dielectric should be 
enforced as in class A ; its covering should be such that a test 
piece cut from the conductor and immersed in water will not 
break down when an alternating pressure of 2,600 volts having 
a frequency of from 40 to 100 periods per second is applied for 
10 minutes between the conductor and the water, the test piece 
previous to immersion having been bent six times (three times 
in one direction and three times in the opposite direction) round 
a smooth cylindrical surface not more than 12 times the diameter 
of the conductor, measured outside the dielectric. The coil 
from which the test piece was cut should be tested in a similar 
manner to class A, but the minimum insulation resistance should 
be that given in the Table, column 8. 

Conductors of class A must be protected from mechanical 
injury by being covered with stout braid or taping, prepared so 
as to resist moisture, and must be further protected by casing, 
or by being drawn into pipes or conduits. 

In the case of conductors insulated as in class B great care 

210 



INTERNAL WIRING OF BUILDINGS 

must be taken to protect exposed ends of conductors where they 
enter the terminals of switches, fuses, and other appliances, from 
the possible access of moisture which might creep along the 
insulating material within the waterproof covering. 

Concentric conductors should in all respects conform to the 
requirements herein laid down for single conductors ; the in- 
sulation resistance of the outer dielectric should be that given 
in the table for single conductors having the same diameter as 
the outer conductor. The insulation resistance of the dielectric 
separating the two conductors should be twice that of the outer 
dielectric. 

The bending test of concentric conductors, class B, should be 
made round a cylinder 12 times the diameter of the outer dielec- 
tric. 

Flexible cord conductors — i.e. those made up of a number of 
wires not larger than No. 29 S.W.G., which are then insulated 
(in many cases two such conductors are twisted together so as 
to form a double conductor) — should only be used for attach- 
ment to portable appliances, or for the wiring of fittings ; the 
insulating material used as the dielectric should be either pure 
jubber or vulcanized rubber of the best quality. If pure rubber 
be used, it should be laid on in two laps, care being taken that 
these should lap-joint. The radial thickness of the dielectric 
should never be less than 16 mils for pressures up to 125, or 20 
mils for pressures up to 250 volts. Each coil should bear a 
certificate that a piece one yard in length cut from it has with- 
stood for five minutes an alternating pressure of 1,000 volts 
having a frequency of from 40 to 100 periods per second applied 
between the two conductors twisted together, the piece being 
subjected during the test to the vapour arising from a pan of 
boiling water placed at a distance not exceeding 3 feet, and im- 
mediately below it. 

Joints. 

3. All joints in conductors must be mechanically and electri- 
cally perfect, to prevent heat being generated at these points. 
The use of soldering fluids containing hydrochloric acid, sal 

211 



INTERNAL WIRING OF BUILDINGS 

ammoniac, or other corrosive substances, should be absolutely 
forbidden. The insulation of all joints in insulated conductors 
should be most carefully attended to, the object being to make 
the insulation of the joints as nearly as possible equal to the 
insulation of the remainder of the conductor. 

In jointing rubber-insulated cable, care should be taken that 
the braiding or taping is carefully removed without damage to 
the india-rubber, which latter should be laid bare, and tapered 
for sufficient length to ensure a water-tight union with the 
insulating substance used as a covering. It should be remem- 
bered when arranging for any system of wiring that joints con- 
stitute a source of weakness, and they should, therefore, be 
avoided as far as possible. 

General Abbangbment. 

4. The arrangement of conductors should be carried out as 
far as possible from distributing centres, the cable conveying the 
current to them being free from joints ; from these centres of 
distribution the use of small circuits carrying up to 5 amperes, 
and also free from joints, except at the branches and connection^ 
to switches and other appliances, is recommended, in order that 
the fuses at these centfes of distribution may amply protect 
every conductor beyond them, even if only a " fleidble " for a 
single lamp. 

This will ensure safety, although the ideal system is to carry 
a conductor from each point of use back to the distributing centre 
without joint or tapping. 

The use of a draw-in system in which both conductors are 
drawn into one strong incombustible tube or chamber, or their 
equivalent, is preferable to wood casing with spaced conductors, 
as safety is better obtained by the use of suitable insulation of 
the wires themselves than by trusting to the wood casing, or 
to the spsrcing for insulating purposes. The composition of the 
tubing or conduit used must depend on the character of the 
structure in which, it is embedded; tubes or conduits which 
minimize condensation or sweating are to be preferred. When 
tubes are used no elbows should be employed, but comers should 
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be turned either by means of slow bends or by the fixing of a 
suitable box. 

Conductors spaced and separated away from the walls should 
not be permitted unless they are mechanically protected through- 
out their entire length. Where the distribution is effected by 
circuits not carrying more than 6 amperes, conductors of the 
same polarity may be ** bunched " together, providing a double- 
pole fuse, arranged to sever the circuit before any perceptible 
rise of temperature can take place, is inserted at the point of 
distribution ; conductors of opposite polarity may also be 
** bunched," provided that they are placed in an incombustible 
tube or conduit. 



Pbbcautions where Conductobs pass through 
Walls or Partitions. 

5. Cables or wires passing through waUs require additional 
protection, such as a porcelain or other tube, which can be filled 
up with sand or other chemically inert incombustible material, 
so as to prevent the spread of fire through these openings. 
Wherever conductors cannot be in sight, they should be made 
as accessible as possible; and it is recommended that wires 
which must be buried within walls should not be fixed, but 
drawn into channels previously prepared for them, and they 
should preferably not be drawn in until any dampness which 
may exist in these channels has dried out of them. 

Conductors should not be placed near gas pipes. 



Pbboatjtions at Points of Connection. 

6. Wherever conductors are connected on to switches, fuses, 
or other appliances, great care must be taken that the whole 
of the separate wires forming the stranded or flexible conductor 
are neatly twisted together and clamped into the terminal, so 
that no loose wire or strand can project ; the insulating material 
or dielectric should only be bared back sufficiently to allow of the 
conductor entering into the terminals properly, and the ends 
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of the insulation should be thoroughly sealed to prevent moisture 
creeping along the copper beneath the insulation. 

The braiding, lead, or other non- or semi-insulating material 
should be cut back for a distance of not less than f -inch from the 
end of the insulating material. 

Peecautions as to Switches, Fuses, Connectors, and 
OTHER Appliances. 

7. These should be mounted on bases made of porcelain or 
other non-combustible material. If any difficulty arises through 
damp, this may be overcome by inserting a second base or 
backing of specially prepared material. 

In excessively damp places, such as cellars, all fittings atta.ched 
to walls should, as far as possible, be dispensed with, the wires 
being carried direct from the distributing board to the lamps. 

Resistance coils should in all cases be carried on frames or 
supports made of incombustible material, and preferably should 
be enclosed in metal cases to prevent accidental derangement. 

Wherever fittings, such as brackets, electroliers, or standards, 
require to have the conductors threaded through tubes or 
channels formed in the metal work, these should be designed 
so as to avoid sharp angles or rough projecting edges which would 
be liable to strip or cut or damage the insulating material in the 
act of drawing in the conductors, or in fastening them to the 
outside in the case of adapted fittings. The use of combined gas 
and electric fittings should not be permitted ; where gas fittings 
are adapted, they should be insulated from the gas pipe. 

Where possible, the conductor should be carried without joint 
through the fitting to the lamps ; but where connections at the 
back are unavoidable, special care must be taken to make this 
joint equal in quality, as regards conductivity and insulation; 
to the rest of the work. 

Switches. 

8. Every switch, whether fixed separately or combined with 
lamp-holders or fittings, should be constructed to comply with 
the following requirements : — 
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(a) That no overheating can take place at the point of contact 
or elsewhere. 

(h) That when being switched off it is impossible for a per- 
manent arc to be formed. 

(c) That it cannot be left in an intermediate position between 

on and off. 

(d) The base should be of incombustible material* 

(e) The cover should also be of incombustible material, and 

should preferably be either made of or lined with non- 
conducting material. 

(/) Covers of all switches should be kept clear of all the in- 
ternal mechanism. 

(g) The handles of all switches should be efficiently insulated 
from the circuit. 

(h) In order to ascertain that switches comply with the above 
requirements, samples should be selected from each 
pattern and size used, and should be tested at an E.M.F. 
and current 50 per cent, in excess of that which will be 
used on the circuits for which they are intended. 

Main switches should be placed close to the generators if the 
supply is generated within the building, or at the transformer if 
transformed within the building, or at the point of entrance of 
the conductors into any building supplied from an external 
source. 

When all three wires of a three-wire system are brought 
into a house, the member of the switch connected to the middle 
wire must not make contact later, or break contact sooner, than 
the other two members ; preferably, the middle member should 
make contact sooner, and break contact later, than the two outer 
members. Single-pole switches should not be on the middle 
wire of a three-wire system. In a five-wire system the same 
principles will apply. 

SWITCH-BOABDS. 

9. Wherever main or centres of distribution switch-boards 
are provided, these should be constructed of incombustible 
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material, preferably with front connections, with circuits ar- 
ranged as far as possible to form their own diagram of con- 
nections, and so labelled that they may be easily identified. 
Where back connections are permitted, they should be carefully 
soldered. Exposed metal work of different polarity on switch- 
boards should be well separated, and preferably mounted on 
separate bases. 

Fuse Boxes and Fuses. 

10. Branches from all circuits should have fuse boxes made 
of porcelain or other incombustible material on both poles, and 
the fuses in these fuse boxes, if on the same base, should be in 
separate compartments. Where the tree, or tapered, system of 
wiring is allowed, fuses should be introduced at such intervals 
that each fuse protects the smallest branch between it and the 
next fuse ; or, if there is no other fuse, then it must protect right 
up to the end of the circuit. If the above precautions are taken, 
it is not necessary to protect the ceiling roses which support 
flexible pendants by fuses at the ceiling point of junction. 

Whenever circuits not exceeding 5 ampdres have fuses in each 
pole at the distributing point, fuses in the connectors (see Sec- 
tion 7) are not necessary ; should the current, however, exceed 
5 ampdres up to 126 volts, or 3 amperes up to 250 volts, all 
portable fittings requiring flexible cords, or adapted fittings, 
wired with flexible cords, must be protected with a fuse at 
the point of jimction with the circuit. 

Any fitting containing many fights, and wired with flexible 
cord, should be supplied by conductors carried back to the dis- 
tributing centre. 

Where one of the conductors is connected to earth, all switches 
and fuses which will be single-pole should be arranged on the 
insulated side of the system. 

No fuses or switches should be placed in or at any point of 
the earthed conductor. 

Standard types of fuses should be so designed as to avoid 
the risk of inserting fuses intended for large circuits into the fuse 
carriers of small circuits, and vice verad, 
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The covers of all fuse boxes — ^whether these be separate or 
grouped on switch-boards — should be eificiently ventilated, so 
as to avoid risk of fracture by the sudden expansion of the air 
within them at the time the fuse melts, the covers being ar- 
ranged to catch and retain the fused metal. 

All connectors should be capable of withstanding a test at an 
E.M.P. and current 60 per cent, in excess of that for which they 
are intended. If used in damp places, special precautions must 
be adopted to exclude moisture. In cases where the fixed part 
of the connector is attached to a floor, it must be so arranged 
that no dust or water can accumulate in the cavity, and should 
have all conta.cts well below the floor level, to prevent any 
possibility of danger from contact with the carpets. 

When concentric connectors are used, they must be con- 
structed so that they cannot be readily short-circuited by a piece 
of metal, such as a pin or a metal pencil-case. Clearances should 
be such that an arc cannot be started if the connector is pulled 
out at the time that the current is flowing. The insulation used 
between opposite poles should be such that it will not readily 
break or chip. 



Dynamos and Motors. 

II. D3mamos and motors should be protected from damp and 
dust, and should be so placed that no woodwork or inflammable 
material is within a distance of 12 inches from them measured 
horizontally, or within 4 feet from them measured vertically 
above them ; and the same precautions must be adopted in 
placing and fixing the starting switches or regulating resistances 
used in connection with any of these appliances. The coils of 
these resistances must be so designed Uiat in no case do they 
heat above 212 degrees Fahr. even if left continuously in use ; 
and the coils must be protected by suitable metal casing or 
guards, which must not interfere with free circulation of the edr 
round the coils. 

The frames of dynamos or motors employing an E.M.F. of 
250 volts or upwards should be connected to earth. 
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Continuous current transfonners are to be classed with dyna- 
mos and motors. 



Accumulators or other Batteries. 

12. Both accumulators and primary batteries should be 
placed and used under the same precautions as above described 
for dynamos and motors, and the room in which they are placed 
should be well ventilated. The accumulators and batteries 
should themselves be well insulated from the earth, and should 
be protected by fuses at both poles, and at all points of connec- 
tion between the circuit and the regulating cells. 



Transformers. 

13. When these are used to transform either direct or alter- 
nating currents of high E.M.F. down to the E.M.F. allowed by 
the Board of Trade on the consumer's premises, they, together 
with their switches and fuse boxes, must be placed in a fire- and 
water-proof structure, preferably outside the building for which 
they are required, and their frames must be connected to earth. 

No part of such apparatus should be accessible except to the 
person in charge of them. In all cases conductors conveying 
currents of high E.M.F. inside a building must be specially in- 
sulated and encased in a fireproof conduit. Under no circum- 
stances should transformers be allowed to heat under normal 
conditions of load to a temperature of 150 degrees Fahr. Trans- 
formers should be so protected by suitable apparatus that a leak 
between the primary and secondary coils raising the pressure to 
400 volts above that of the earth should cut the transformer out 
of circuit. 

Low-pressure alternating transformers or choking coils may 
be placed within buildings, but the same precautions as regards 
heating of the coils, distance from woodwork, and guarding must 
be adopted as in the case of resistances used for motors. 
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Aec Lamps. 

14. Arc lamps must always be guarded by lanterns or netted 
globes, so as to prevent danger from ascending or descending 
sparks, and from falling glass or incandescent pieces of carbon. 
All parts of the lamps which are liable to be handled 
should be well insulated, and, in addition, an insulator 
must be inserted between the lamp and its support. Re- 
sistances for arc lamps should have a similar double insulation ; 
their coils should be designed so as not to heat above 212 degrees 
Fahr. ; they should be protected by metallic ventilating guards, 
and should be so placed that no wood-work is within 6 inches 
of them measured horizontally, or within 2 feet of them measured 
vertically above them. When arc lamps are supplied from 
constant potential mains, fuses on both mains are necessary. 

Arc lamps in which air can have access to the carbons during 
burning should on no accoimt be used in places where inflammable 
vapours or explosive mixtures of dust or gas are liable to be 
present. 

Testing. 

15. The conductors, fittings, and appliances must be tested 
in the following manner before the current is switched on : — 
The whole of the lamps or appliances for utilizing the energy 
having been connected to the conductors, and all fuses being 
in place, an E.M.F. equal to twice the E.M.F. which will be 
ordinarily used is to be applied, and the insulation resistance 
between the whole system and earth must be measured after 
one minute's electrification. The insulation should then not 
be less than 10 megohms, divided by the maximum number of 
ampdres required for the lamps and other appliances. The in- 
stallation may be then set to work, and a second and similar 
test should be made after an interval of 16 days. In each test, 
if the insulation of the whole is below standard, the work should 
be divided up by the departmental switches and tested separ- 
ately, in order to locate the faulty section. 
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The value of systematically testing and inspecting apparatus 
and circuits cannot be too strongly urged as a precaution against 
fire. Records should be kept of all tests, so that any gradual 
deterioration of the system may be detected. Cleanliness of all 
parts of the apparatus and fittings is essential. No repairs or 
alterations should be made when the current is "on." 



Explanation of Table. 

Column 1 gives the sizes of the conductors in common use. 
Cables are shown thus : — 19/14, viz., 19 wires of No. 14 Standard 
wire gauge. 

Column 2 gives the maximum current for situations where 
the external temperature is above 100 degrees Fahr. 

The current for any conductor may be calculated from the 
formula — 

Log C - 0-775 log A + 0-301, 
or C - 2 A 0-776 
(where C — current in amperes, A — area in l,000ths of a sq. 
in.). 

The maximum rise in temperature will be about 10 degrees 
Fahr. on large sizes. 

Column 3 gives the total length in yards of lead and return 
of each size of conductor causing a drop of 1 volt when trans- 
mitting the current shown in column 2. 

Column 4 gives the maximum current allowable in any situa- 
tion. The current for any conductor may be calculated from the 
formula — 

Log C - 0-82 log A -I- 0-415, 
or C - 2-6 A 0-82 
(where C — current in amperes, A — area in l,000ths of a sq. 
in.). 

The maximum rise in temperature will be about 20 degrees 
Fahr. on large sizes. 

Column 5 gives the total length in yards of lead and return 
of each size of conductor causing a drop of 1 volt when trans- 
mitting the current shown in column 4. 
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Column 6 gives the minimum thickness of dielectric. This 
may be obtained for any conductor by adding 30 mils to 1-lOth 
the diameter of the conductor. 

Columns 7 and 8 give the insulation resistances in megohms 
for one mile of cable of classes A and B respectively. 

By order of the Council. 

F. H. WEBB, Secretary, 

Offices of the Institution, 
28, Victoria Street, Westminster, 
Jvly, 1897, 
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RULES AS TO TESTING ELECTRICITY METERS, Etc., 
AND SCALES OF FEES PRESCRIBED BY THE LON- 
DON COUNTY COUNCIL ON MARCH 29, 1898, AND 
APPROVED BY THE BOARD OF TRADE ON JUNE 17 
FOLLOWING. 

Mbtebs in use upon a Consumek's Premises. 

(1) Upon any application being received by the Council in 
connection with any difference arising between any consumer 
and the undertakers as to the accuracy of any meter, an appoint- 
ment will be made with the consumer and the undertakers for an 
inspector to attend at the premises of the consumer. The in- 
spector will take charge of the meter, which is not to be discon- 
nected from the circuit except in his presence, and then only, 
by the undertakers. 

(2) The inspector will, as far as possible, ascertain before such 
disconnection takes place whether the meter is properly fixed 
and connected with the circuit, and whether it appears to be in 
good working order. 

(3) If the meter be not one requiring to be tested for synchro- 
nism, it will then be removed under the supervision of the in- 
spector to the Coimcil*s office, 42, Cranbourrip Street, to be there 
tested for accuracy. 

(4) If the meter be of a type requiring to be tested for syn- 
chronism, it will, if necessary after disconnection from the cir- 
cuit, and before removal from its position, be sealed up by the 
inspector and run for at least 24 hours without current being 
allowed to pass through the main coils, and at the end of that 
time or of such longer time as may be convenient, the result 
will be ascertained by the inspector and the meter then removed 
in the manner before indicated. 

(6) Before removing the meter, the inspector will ascertain 
as accurately as possible the total current which may be taken 
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if all the current-consuming devices connected with the installa- 
tion are put on to the circuit, and aLio the average and the maxi- 
mum normal current. 

(6) If the inspector considers it desirable, he will also, with 
the concurrence of the applicant and upon payment of the pre- 
scribed fee, test the insulation resistance of the meter as fixed, 
and of the house installation connected therewith. 

(7) In the case of meters which can, under certain circum- 
stances, register without current passing through the main coils, 
the inspector will make a careful examination to ascertain 
whether such registration is effected, 

(8) The tests for accuracy vnW. be made at the Council's meter- 
testing station, 42, Cranboume Street. 

(9) 4n the case of meters which before being fixed shall have 
been tested by the Coimcil and passed as correct meters, the 
meters will be tested for starting current and at one or more 
quarter loads, and if the results be approximately the same as 
those obtained in the previous tests the meters will be con- 
sidered correct. (A meter shall be considered to be " correct " 
when the registration shown by the dials is mthin 2 J per cent, of 
absolute accuracy at all points above one-twentieth load.) 

(10) In the case of meters which have not been tested and 
sealed by the Council before fixing, the tests will be made at the 
average load used by the consumer, if this can be ascertained. 

(11) In cases where the meter has been removed from the 
consumer's premises before any application for testing is made 
to the Coimcil, it may nevertheless be tested for accuracy, but 
a note will be attached to the report stating that the meter 
was removed from the consumer's premises before it was tested, 
and that the Coimcil has no means of ascertaining whether ita 
condition is the same as it was when so fixed. 

(12) At least one test will be made of every meter by a dial 
reading, and the dial works will be further examined to ascertain 
that the gearing is properly proportioned. 

(13) The report of the inspector, or a copy thereof, will be sent 
both to the consumer and to the undertakers by the engineer 
in charge of the Council's meter-testing station. 

(14) All fees for testing shall, unless the Council otherwise 
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order, be paid in advance by the applicant to the cashier of the 
Council at its ofl&ce in Spring Gardens. 

(16) Within one week after the completion of the test the meter 
will be handed at Crianboume Street to the representative of the 
owner, unless circumstances shall have arisen which render a 
further test desirable. 

(16) For all meters of a pattern approved by the Board of 
Trade, any recommendations made by that Board with regard to 
testing will be followed so far as circumstances admit. 

SCALE OF FEES FOR TESTING ELECTRICITY 
METERS, Etc. 

Single ok Disputed Metebs 

(used or to be used in any district for which the Council is the 
statutory authority). 

For testing a single meter of any description up to 50 amperes 
capacity, IO5. 

For testing a single meter of capacity from 60 to 100 amperes, 
205. 

For testing a single meter of capacity from 100 to 200 am- 
peres, 265. 

For testing a single meter of capacity from 200 to 400 am- 
peres, 3O5. 

For testing each " disputed " meter the charge shall be as 
above, and no reduction shall be made if a number of disputed 
meters be sent in together. 

Batches of Meters. 

For testing meters, delivered at and removed from the testing- 
station free of cost to the Council, any work necessary for ad- 
justing inaccurate or defective meters being charged for extra — 

Class 1. — ^Meters without shunt coils and not requiring to be 
fixed for testing, up to 60 ampdres capacity, if sent in in batches 
of not fewer than 10 of the same size and make, each 65. ^, 

Ditto, from 60 to 100 amperes capacity, each 9^. 

Ditto, from 100 to 200 amperes capacity, each 12^. 
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Class 2. — ^Meters with shunt coils or requiring to be fixed for 
testing, up to 50 amperes capacity, if sent in in batches of not 
less than 10 of the same size and make, each 7^. 

Ditto, from 60 to 100 amperes capacity, each 105. 

Ditto from 100 to 200 amperes capacity, each 13«. 

Class 3. — ^Meters requiring fixing and sjmchronising, or ad- 
justing after fixing, up to 60 ampdres capacity, if sent in in batches 
of not less than 10 of the same size and make, each %s. 
Ditto, from 50 to 100 ampdres capacity, each \2s. 
Ditto, from 100 to 200 amperes capacity, each 175. ^. 

Class 4. — Meters for multiple circuits will be charged for 
according to the number of circuits. 

CUlss 5. — Meters which require to be tested on a circuit ab- 
sorbing considerable power will be charged for at special rates. 

A reduction of 10 per cent, from these 'prices to he allowed when 
20, and of 25 per cent, when 50, meters of the same make and 
capacity are sent in at the same time. 

Partial re-tests made on any meter after adjustment will be 
charged, according to amount of work involved, at one-fourth to 
one-half of the fee charged for " single or disDuted " meters of 
the same capacity. 



Inspection in situ. 

For examining in position after fixing, and certifying if found 
correct, any single meter (which has already been tested for 
accuracy at the Council's testing-station) within a radius of 
three miles from Cranboume Street, 2^. ^, 

Ditto, any distance from three to six miles, 3^. 6<i. 

For examining in. position after fixing, where a number of 
meters in the same district, and within a reasonable distance of 
each other can be inspected on the same day, £1 for the services 
of the inspector for the entire day, or 15^. for half a day. A 
further charge of ^, will be made for each certificate. 
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Elbctbic Pbbssijbk. 

For taking a record of " pressure " at any consumer's house 
within three miles of the testing-station, such record extending 
over 24 hours, lOa. Qd. 

If such record extends over two or more consecutive periods 
of 24 hours, for each succeeding period, 5s, 

Sebvtce Likes. 

For testing a single pair of service lines, 10^. 

In difficult cases (in addition to the fee of 10«.)» for every hour 
or part of an hour occupied after the first two hours, 68, 

For testing any installation for insulation resistance to earth, 
where the time occupied is less than two hours, 10^. 

For every hour or part of an hour after the first two hours, 5«. 

Note. — The above fees are to indvde omnibus fare for the 
inspector and assistant, hvi aU other travelling expenses and cost 
of carriage of meters^ etc, (if any) to he charged in addition. 
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INSTITUTION OF ELECTRICAL ENGINEERS. 



GENERAL RULES FOR WIRING FOR THE 
UTILISATION OF ELECTRICAL ENERGY. 



Apeil, 1903. 

1. These rules embody the requirements and precautions 
which the Institution has framed to secure satisfactory results 
with supply at a pressure not exceeding 600 volts if continuous or 
250 volts if alternating. They are intended to include only such 
requirements and precautions as are generally necessary, but 
they are neither intended to take the place of a detailed speci- 
fication, nor to instruct untrained persons. 

2. Notice of the proposed introduction of wiring should in 
all cases be given to the Fire Offices insuring the risk, and to 
the suppliers of the electrical energy if such is to be obtained 
from an external source. 

Genebal Ab&anqbmekt. 

3. Conductors must radiate from distributing centres, and in 
large systems from those centrest o sub-centres, so that no sub- 
circuit carries more than 5 amperes up to 125 volts, or more 
than 3 amperes from 125 to 250 volts, for incandescent lighting. 

4. When protected from mechanical injury by hard metal 
tubes or conduits, conductors even of opposite polarity may 
be " bunched," and when canning small currents from sub* 
centres, as in paragraph 3, they may, if without joints, be 
" bunched " even when the protecting tubing or casing is non- 
metallic. If the supply is alternating, and the protection metaUic, 
conductors must be bunched so that the sum of the currents 
passing is zero. 

5. When one of the main conductors of a system of supply 
is earthed, no interruption of the current by any mechanical 
device is permitted in a conductor connected to the earthed 
main that does not also, and simultaneously, break circuit on 
the non-earthed conductor. Hence, to insure the current being 
interrupted simultaneously on both the earthed and the non- 
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earthed mres, no switch that is not linked to another switoh on 
the non-earthed conductor may be inserted in any conductor 
connected to an earthed main. 

6. No fuse may be placed in the neutral conductor of a 
" three-^ire " system. This does not prevent the iLse of a 
disconnecting link in the neutral for testing purposes, but fuses 
must be placed on both conductors of two-wire circuits branching 
therefrom. 

7. Every system must be controlled by Unked main switches, 
which must be placed as near to the entry of supply to a 
building as circumstances permit, and which must be easily 
accessible. Subject to paragraph 6, the system must also be 
protected by main fuses. 

8. Every sub-circuit must be protected on both poles by a 
fuse ; and no single-pole switch may be inserted in the earthed 
side of a system. 

9. When the wiring is such that one conductor is uninsulated 
at all points, such as a bare return to a concentric system — 
no switch or fuse may be placed in that conductor, and the 
said conductor must be efficiently earthed. 

10. When the supply is from all three conductors of a three- 
phase system, each conductor must be protected by a fuse and 
the whole controlled by three Unked switches. 

11. When the pressure between outer conductors of a three- 
wire main exceeds 250 volts, the circuits connected to opposite 
sides o£ the neutral conductor must be so disposed that a person 
cannot simultaneously touch two points respectively in contact 
with the outer conductors. 

12. Conductors conveying currents at pressures exceeding 
260 volts must be completely enclosed in strong metallic sheath- 
ing or tubing efficiently connected to earth, and such sheathing 
or tubing must be electrically continuous throughout its 
length. 

13. No switch, cut-out, connector, or other electrical 
appliance, may be mounted directly upon any surface of a 
condensing or humid nature, such as masonry, brickwork, 
cement, or plaster — but must, in addition to its own mount, be 
fixed upon a base block rendered impervious to moisture. 

14. Branch fuses must be grouped together in accessible 
positions in sight, and should be symmetrically placed and 
labelled for each circuit. 

15. Contact between insulated conductors and gas-pipes,[^or 
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metals in contact therewith, must be prevented by non-con- 
ducting incombustible distance-pieces. 

16. Gas-pipes must never be used to obtain an earth con- 
nection. 

17. Switches and fuses, not in an engine-room or compart- 
ment specially arranged for the purpose, must be covered. 

Conductors — Conductivity and Size. 

18. The sectional area of conductors (see Table) must be 
greater than that determined by the heating effect of the current 
required for the maximum number of lamps, or other current- 
using apparatus, that can be used simultaneously on the circuit. 

19. The size of conductors within a building will, subject 
to paragraph 18, be determined by the permissible drop in 
volts, which should not exceed 2 per cent, on lighting circuits. 

20. Copper conductors should be of soft copper, and should 
have a conductivity not less than 100 per cent, as compared 
with Matthiessen*s ^ standard; and where sulphur compounds 
are present in any part of the insulation the copper in contact 
with the insulation must be protected therefrom by tinning 
or otherwise. 

21. The sectional area of a copper conductor must not be less 
than that of No. 18 S.W.G. wire, with the exception of the case 
of flexible cord conductors and wires for fittings, when the 
sectional area must not be less than that of a No. 20 S.W.G. 
wire. All insulated copper conductors having a greater area 
than that of a No. 14 S.W.G. wire must be stranded. 

22. The table appended shows the sizes of copper conductors 
which will safely carry currents up to 740 amperes, and the 
length in yards of single conductor in circuit for each volt of 
fall of potential when the maximum current is in use. 

Conductors — ^Insulation. 

23. Conductors must be specially insulated with material 
which does not deteriorate at the highest temperature to which 
it will be subjected ; for instance, rubber must not be allowed 
to exceed 130° F., or paper — or fibre — ^insulation 170° F. In 
specially hot places the conductors should be so large that the 
electric heating is almost nil. 

1 See Appendix, p. 245. 
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24. The insulation on any condactor other than a flexible 
cord must be throughout either — 

(o) A dielectric which is impervious to moisture and only 
needs mechanical protection. (" Dielectric ** does not 
include braiding or taping.) Or 
{b) A dielectric which must be kept perfectly dry, and 
therefore needs to be encased in a waterproof sheath, 
generally of soft metal, such as lead, drawn closely over 
the dielectric. 
26. The radial thickness of vulcanised rubber must be not 
less than 30 mils, plus one-tenth of the diameter of the conductor 
(see Table, column 3). The radial thickness of dielectrics of 
Class (h) must be not less than that given in the table, column 4. 
The dielectric must not soften sufficiently to allow decentraliza- 
tion at a lower temperature than 170° Fahr. 

26. The dielectric of Class (o) must be thoroughly damp- 
proof, and that of Class (b) must be enclosed in a sheath of 
ductile material entirely impervious to moisture, which, if 
metallic, must be electrically continuous throughout and con- 
nected to earth. 

27. The dielectric must be such that when a test-piece of the 
insulated conductor has been immersed in water for twenty-four 
hours, it will, while still immersed, withstand 2,000 volts for 
ten minutes between the conductor and the water. Prior 
to immersion the test-piece must have been bent six times 
(three times in one direction and three times in the opposite 
direction) round a smooth cylindrical surface not more than 
twelve times the diameter of the finished cable. 

28. The minimum insulation resistance should be that 
given in column 12 of the Table for vulcanized rubber, and 
that in Column 13 for Class (6), the test being made at 60° F., 
after one minute's electrification at 500 volts, and after the 
test-piece has been immersed in water for twenty-four hours. 
This resistance must not fall more than 10 per cent, after seven 
days' immersion. 

29. Conductors insulated as in Class (a) may be protected by 
braid or taping, prepared so as to resist moisture. Unless 
fixed in sight and out of reach of injury, all conductors must, 
further, be protected by a strong covering ; and this, in damp 
situations, must consist of water-tight, incombustible tubes, 
which, if of metal, must be electrically continuous throughout 
and connected to earth. Means must be provided to prevent 
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the accumulation within the tubing of water arising from con- 
densation or other sources. Sharp bends or elbows must be 
avoided, comers being turned by smooth-bore round bends or 
suitable boxes. 

30. The exposed ends of conductors, with dielectrics of 
Class (6), where they enter the terminals of switches, fuses, 
and other appUances, must be protected from moisture which 
might creep along the insulating material, within the waterproof 
sheath. 

31. Concentric conductors should in all respects conform to 
the requirementfi herein laid down for single conductors ; the 
insulation resistance of the dielectric separating the two con- 
ductors must be that given in the Table for single conductors 
having the same diameter as the inner conductor. The insula- 
tion resistance of the dielectric on the outer conductor where 
insulated, must be that given in the Table for single conductors 
of the same outside diameter. 

32. When the mains are earthed at one point, the outer con- 
•ductor of a concentric system is the conductor to be connected 
to the earthed main. 

33. In applying the bending test to concentric conductors, 
the diameter of the cylinder used should be not more than 
twelve times the diameter of the finished cable. 

34. Flexible conductors, i.e. those made up of a number of 
wires not larger than No. 36 S.W.G., which are then insulated, 
may only be used for attachment to portable appliances or 
pendants or for sub-circuits wh^i visible throughout their 
length and spaced from walls by porcelain insulators. For 
the wiring of fittings a strand composed of three wires of 
No. 25 S.W.G. may be used. The insulating material used 
as the dielectric must be either pure rubber or vulcanized 
rubber of the best quality. If pure rubber be used, it should 
be laid on in two layers, care being taken that these break 
joint. The radial thickness of the dielectric must not be 
less than 16 mils for pressures up to 125 volts, or 20 mils for 
pressures from 125 to 250 volts. The covering must be such 
that a test-piece not less than one yard in length cut from the 
conductor will withstand a pressure of 1,000 volts alternating 
at a frequency of from 40 to 100 periods per second applied 
for ten minutes between the test-piece and a similar test-piece 
twisted together with it, the pieces being subjected during the 
test to the vapour arising from a pan of boiUn^ water placed 
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ten minutes before the commencement of the test at a dist«.nce 
not exceeding three feet immediately below it. 

CoND ucTORS — Joints. 

35. Joint* in conductors are prohibited except on small 
wires protected by fuses, viz., 5-ampdre fuses on circuits up to 
125 volts, and 3-amp^re fuses on circuits from 125 to 250 volts. 
Junction boxes must be used to connect lengths of larger con- 
ductors, and be so constructed that — 

(a) the conductors cannot be readily short-circuited ; 

(6) the insulation between opposite poles will not readily 
break or chip ; 

(c) the connections do not heat. 
If used in damp places, special precautions must be adopted to 
exclude moisture. 

36. Joints must be mechanically and electrically perfect to 
prevent heat being generated. All joints must be soldered. 
Soldering fluids cbntaim'ng acid, or other corrosive substances, 
must not be used. The insulation of all joints in insulated 
conductor must be most carefully attended to. 

37. In jointing conductors the braiding, tape or lead, must 
be carefully removed without damage to the dielectric for a 
sufficient length to insure a thorough union between the di- 
electric and the material used to insulate the joint. If the 
insulating material is not waterproof, it must be covered with 
an impervious sleeve or box, wliich must make a water-tight 
joint on each side of the junction. Care must be taken to 
exclude moisture during the operation. 

38. Joints between flexible conductors and permanent wires 
\mder flooring or in wood-casing are prohibited. 

Joints constitute a source of weakness, and they must, there- 
fore, be accessible, and it is recommended that their positions 
be indicated by a conspicuous mark. 

BuBiED Conductors in Buildings. 

39. Conductors buried in cement or plaster must be provided 
with protection of sufficient strength to resist a nail. 

40. Conductors passing through walls or fire-resisting floors 
must be provided with additional protection, such as a pol'celain 
or other incombustible tube which must be filled up with some 
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chemically inert incombustible material, so as to prevent the 
spread of fire through these openings. When the end is outwde 
the building it should be bell-mouthed and turned downwards. 

CONDUCTOKS — ^WOOD CaSENG FOR. 

41. Wood casing must not be — 

(a) buried in plaster or cement, nor exposed to moisture ; 
(6) used in damp places ; 

(c) run immediately below water pipes unless efficiently 
protected from drip. 

CoNDucTOES — Precautions at Points of Connection. 

42. Where conductors are connected to switches, fuses, 
junction-boxes, or other appliances, the whole of the separate 
wires forming the stranded or flexible conductor must make 
contact with the terminal. so that no loose wire or strand can 
project. The dielectric must not be bared back further than 
to allow the conductor to enter the terminals properly, and the 
ends of the insulation Class (b) should bo sealed. 

43. The braiding, lead, or other covering to the dielectric 
must be cut back from the end of the insulating material, and 
waterproofed. In damp places the strands of conductors, 
Claas (b) should be soldered to prevent moisture creeping along 
the copper beneath the insulation. 

44. Conductors of larger section than 7/18 must be soldered 
to proper lugs for connection. Where there is any possibiUty 
of strain on the lugs they must be mechanically attached in 
addition to the soldering. 

Switches. 

45. Every switch, whether fixed separately or combined 
with lampholders or fittings, must, except as provided in 
paragraph 17, be encased, and comply ^ith the following re- 
quirements : — 

(a) Overheating must not take place at the point of con- 
tact or elsewhere, when the full current flows continu- 
ously. 

(h) When being switched off it must not be possible to 
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form a permanent arc. Switches should be tested 
at pressure and current 50 per cent, in excess of that 
which will be used on the circuits for which they are 
intended. 

(c) It must be incapable of remaining in partial contact. 

(d) The base must be of incombustible non-conducting 

and moisture-proof material. 

(e) The cover must be of incombustible material, and 

must be either non-conducting, or of rigid metal, 

and clear of all internal mechanism. 
(/) Where the pressure exceeds 250 volts, covers must bo 

of metal, and must be earthed. 
(g) Handles must be insulated and so arranged that the 

hand cannot touch Uve metal. 
{h) It must not contain a fuse. 

Fuses. 

46. Every fuse must be encased, except as provided in 
paragraph 17, and comply with the following requirements — 

(a) That no overheating can take place in any part when 

the full current flows continuously. 

(b) That it shall effectually interrupt the current when 

a short circuit occurs, and also when the current 
through it exceeds the working rate by 100 per cent., 
the current flowing under the normal pressure in both 
cases. 

(c) The base of the fuse must be of incombustible, non- 

conducting, and moisture-proof material. 

(d) The cover must be of incombustible material, and 

must either be non-conducting or of rigid metal lined 
with insulating incombustible material. It must be 
kept clear of all the internal mechamsm. When the 
fuses are of the open type and grouped together, 
the case of the distribution board will be a sufficient 
protection provided the distance from cover to fuse 
exceeds two inches. 

(c) Fuses must not be placed in wall-sockets, ceiHng roses, 
lamp-holders, or switch covers. 

(/) The fusible metal must be of such size that no con- 
ductor protected by it can possibly exceed the tem- 
perature specified in paragraph 23. 
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47. Separate single fuses, and not " double-pole " fuses, must 
be used on circuits on which the pressure exceeds 126 volts. 

48. Fuses may be considered too large if they are not warm 
to the touch on full load, and too small if they hiss when moist- 
ened. 

49. Note. — ^It is recommended that hard metal be used for 
fuses ; and that if soft wire is used, it should be soldered to 
hard metal contacts. 



Connectors: Wall- and Floor-Plugs, btc. 

50. All connectors should be capable of withstanding a test 
at a pressure and current 50 per cent, in excess of that for which 
they are intended. In damp places special water-tight con- 
nectors must be used. In cases where the fixed part of the 
connector is attached to a floor it must be so arranged that no 
dust or water can accumulate in the cavity, and that all con- 
tacts are well below the floor-level, or covered to prevent any 
possibility of danger from contact with carpets. 

51. No connector may contain a fuse. 

52. Connectors must be constructed so that they cannot be 
readily short-circuited. Clearances should be such that an arc 
cannot be started if the connector is pulled out at the time that 
the current is flowing. The insidation used between opposite 
poles should be such that it will not readily break or chip. 

53. Flexible cord conductors for portable fittings must end 
in a connector. 

54. Every portable current-consiuning device must be inde- 
pendently controlled by a switch on the live side of the connector. 



Cbiung Roses. 

55. Every ceiling rose must comply with the following re- 
quirements : — 

(a) The base must be of incombustible, non-conducting 

and moisture-proof material; 

(b) The cover must be of incombustible material, and 

must be either non-conducting or of rigid metal, 
and clear of all internal mechanism ; 

(c) Unless it, or its base, form part of the sheathing as in 

paragraph 12, it must not be attached directly to 
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a plastered surface, but must be mounted on a pre- 
pared block ; 

{d) Its terminals must be relieved of the direct pull of 
the attached conductor and fitting, and be so arranged 
that no short circuit can take place ; 

(e) It must not contain a fuse. 

Switch and Distbibution Boards. 

56. Main and distribution switch- and fuse-boards must be 
made of incombustible insulating material insulated, where 
hygroscopic, by bushes from the supporting framework, and 
fixed in a dry situation, and be so placed that a fire thereon 
cannot spread to combustible material. 

57. Live metal must be fixed at such a distance from all 
metal not at the same potential, or be so separated by insula- 
ting partitions that an arc cannot be formed between the metal 
surfaces. 

58. Connections at the back of boards must be made acces- 
sible, but, unless protected from acid fumes, must not project 
into battery rooms. Circuits should be labelled for identification, 

59. The cases of instruments, if metallic, must be insulated 
from the circuits, or, if connected to one pole, they should be 
protected from the possibility of contact with the other. 

60. Every voltmeter with its connecting wires should be 
protected by a fuse on each pole. 

Fittings for Supporting Lamps. 

61. Wherever brackets, electroliers, or standards, require 
to have the conductors threaded through tubes or channels 
formed in the metal works, these must be of ample size and 
have no sharp angles or projecting edges, which would be liable 
to damage the insulating material. 

62. Where possible, the conductors should be carried without 
joints through the fittings to the lamps ; but where connections 
at the fitting are unavoidable, special care must be taken to 
make the joints equal in conductivity and insulation to the rest 
of the work. 

63. Combined gas and electric fittings must not be ased. 

64. When disused gas-fittings are adapted for electric light, 
they must be entirely disconnected from the gas-pipes. 
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Lampholders. 

65. Lampholders most — 

(a) be entirely incombustible ; 

(b) be insulated from any continuously earthed conduit 

or sheath not forming part of the circuit ; 

(c) be specially designed if for currents above IJ am- 

peres ; 
{d) not be himg from flexible cord conductors where 
exposed to the weather, but be rigidly supported. 

66. Switch lampholders should be controlled in groups of 
ten, or fewer, by a separate fixed wall-switch. 



A»c Lamps. 

67. Arc lamps must — 

(a) be guarded by lanterns or globes, which must be ar- 
ranged to intercept falling particles of carbon ; 
(ft) be insulated from their support ; 

(c) be fixed so that their cases cannot come into contact 

with any metallic object ; 

(d) have their Icading-in wires protected from rain ; 

(e) be controlled by linked switches and protected by 
fuses (see " General Arrangements ") ; 

( / ) not be used in places where inflammable vapours 
or explosive mixtures of dust or gas are Uable to be 
present. 

Incandescent I-amps. 

68. Incandescent lamps and their holders — 

(a) must not be placed in close proximity to inflammable 
materials ; shades made of such materials must be 
kept free from contact with the lamps by suitable 
guards ; celluloid and other highly inflammable 
material must not be used for shades ; 

(6) if placed in positions where they are exposed to in- 
flammable vapour or gas, should be enclosed in air- 
tight fittings of thick glass and have no flexible cord 
connections. 

69. Incandescent lamps of the Nemst type must comply with 
the regulations of paragraphs 67 (o), (6), (c), (d), (/) and 68 (a). 
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Dynamos and Motobs. 

70. Any dynamo or motor rated at more than one-third of a 
horse-power must — 

(a) be protected from damp, dust, and mechanical injury ; 

(6) be so placed that no unprotected woodwork or com- 
bustible material is within a distance of twelve inches 
from it measured horizontally, or within four feet 
measured vertically above it, imless it is of an enclosed 
type; 

(c) if supplied at 250 volts or upwards, have its frame 
efficiently connected to earth ; 

{d) if employed in positions exposed to highly inflam- 
mable dust or fljdngs, or where highly inflammable 
materials are manipulated or stored, be of the enclosed 
type, without belting or gearing penetrating the 
casing, with ventilating openings, if any, only in the 
vertical portions of their casings, protected by two 
thicknesses of fine-mesh wire gauze set at least a 
quarter of an inch apart and substantially attached 
to the casing ; 

(e) be controlled by linked switches and protected by 
fuses or circuit-breakers on both conductors ; 

(/) if a motor, have, in addition to the above, starting 
gear consisting of a regulating switch and series 
resistance, the regulating switch being fitted with 
a magnetic release that will automatically open the 
circuit should the current be interrupted. 

Note. — ^It is recommended that all shunt circuits 
of motors be arranged so that the field is excited 
before the armature is connected, these circuits to 
be disconnected through a non-inductive resistance 
or carbon break after the armature circuit is broken. 

Resistances. 

71. Resistances, whether used in connection with arc-lamps, 

d^r-namos, or motors, or for any other purpose, must be — 

(a) carried on frames or supports and enclosed in cases, 

the frames, supports, and cases to be of incombustible 

material efficiently insulated from the resistances; 

(6) amply!^ ventilated by means of apertures protected by 
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fine-mesh wire gauze where there is danger of inflam- 
mable material entering them ; 

(c) so proportioned that they cannot rise in temperature 

more than 240° F., nor the cases containing them 
more than 130° F., above the temperature of the 
surrounding air ; 

(d) so fixed that no unprotected inflammable material is 
within six inches of the cases containing them, or 
within twenty-four inches measured vertically above 
them. 



Choking Coils. 

72. CSioking coils must comply \*ith the rules for Resistances 
(71, a, 6, and d, and 76). 



Accumulators and Other Batteries. 

73. The room in which accumulators or primary batteries are 
placed must be well ventilated. 

74. Accumulators and batteries must be well insulated 
from earth, and protected by fuses at all points of connection 
J^etween the circuit and the regulating cells, unless special pre- 
cautions are taken to keep the conductors permanently apart 
by incombustible and non-conducting material. 



Transformers. 

75- If high-pressure transformers are brought into a building 
they must — 

(a) together with their switches and fuse-boxes, be con- 
tained in fire- and water-proof structures, and be 
accessible only to authorized persons ; 
(h) be so protected by suitable apparatus that a leak 
between the primary and secondary coils shall cut 
the transformer out cf circuit ; 
(c) not imder normal full-load exceed a temperature of 
170° F. 
76. Low-pressure alternating transformers or choking coils 
must conform with paragraphs 71 (a), (6), and (rtf), and their 
temperature must not exceed 170° F. 
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Elbctbic Cooking Appliances, Radiators, and Heaters. 

77. These appliances must be — 

(a) so constructed and mounted that heat cannot be con- 

veyed to their supports and connections, precautions 
being taken T^ith regard to their surroundings, as in 
the case of non-electrical heating appliances ; 

(b) protected by a fuse and swit-ch in both conductors, 

subject to Rule 5, connectors being so arranged that 
the live end of the coupUng is not exposed to accidental 
short-circuiting or injury. 



Testing. 

78. The insulation resistance to earth of the whole or any 
part of the wiring must, if tested previously to the erection of 
fittings and electroliers, be measured with a pressure not less 
than twice the intended working pressui^, and must not be less 
in megohms than 30 divided by the number of ** points " under 
test. For this purpose the " points *' are to be counted as the 
number of pairs of terminal wires from which it is proposed 
to take the current, either directly, or by flexibles, to lamps, or 
other appliances. 

79. Current must not be switched on until the following test 
has been applied to finished work : — 

The whole of the lamps having been connected to the con- 
ductors, and all switches and fuses being on, a pressure equal to 
twice the working pressure must be applied and the insulation 
resistance of the whole or any part of the installation must not 
be less in megohms than 25 divided by the number of 30-watt 
lamps. When all lamps and apph'ance^ have been removed from 
the circuit, the insulation resistance between conductors must 
not be less than 25 megohms divided by the number of 30-watt 
lamps. For the purpose of this test, every arc Ught shall be 
considered as equivalent to 15 lamps, and every motor or heater 
shall be rated at one lamp per ampere, provided that no motor, 
heater, or other appliance may be connected to the supply of 
electrical energy unless the insulation of the parts carrying the 
current measured, as above, is greater than 500,000 ohms from 
the frame or case. 

80. The value of systematically inspecting and testing appa- 
ratus and circuits cannot be too strongly urged as a precaution 
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against fire. Records should be kept of all tests, so that any 
gradual deterioration of the system may be detected. Geanli- 
ness of all parts of the apparatus and fittings is essential. In 
testing, the negative pole should be connected with the con- 
ductor under test. 

81. No repairs or alterations may be made when the pressure 



Explanation of Table. 

82. Columns 1 and 16 give the size of the conductors in 
common use. Cables are shown thus :— 19/16, viz., 19 wires of 
mmiber 16 standard wire gauge, or 19/*082", meaning 19 wires 
each of which is *082 inch in diameter. 

83. Column 2 gives the section of the conductor in square 
inches. 

84. Column 3 gives the mim'mum thickness of dielectric as 
defined in paragraph 25 on vulcanized rubber cables. 

85. Column 4 gives the minimum thickness of dielectric on 
fibre-covered cables which require to be lead-covered, viz., 
cables of Class B. Special cables, such as twin or 3-core cables, 
are not included in this column. 

86. Column 5 gives the safe radial thickness of lead in decimals 
of an inch for cables of Class B. This column does not apply 
to vulcanized rubber cables which may be lead-covered. 

87. Cohtmn 6 gives the maximum current for wires insulated 
with vulcanised india-rubber laid in position within the mech- 
anical protections allowed in the rules, when the external 
temperature is higher than 100° F. The current for any con- 
ductor under these conditions may be calculated from the 
formula — 

Log C- 0-775 log A + 0-301, 
C-2A0-'^7« 

(where G— current in amperes. A— area in l,000ths of a square 
inch). 

The maximum rise in temperature will be about 10 degrees 
Fahrenheit on large sizes. 

88. Column 7 gives the maximum current allowable in any 
situation for conductors insulated with vulcanized rubber when 
laid in positions within the mechanical protections allowed in 
the Rules when the external temperature is normal. The maxi- 
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mum current for any conductor may therefore be calculated 
from the formula — 

Log C- 0-82 log A + 0-415, 
or C-2-6 A«-82 

89. Column 8 gives the total length in yards of lead and return 
of each size of conductor, causing a drop of 1 volt when trans- 
mitting the current shown in Column 6. 

90. Column 9 gives the current density in amperes per square 
inch corresponding to Column 8. 

91. Column 10 gives the maximum allowable current with 
lead-covered cables, allowing a rise of about 20^ F. on large 
sizes. 

92. Column 11 gives the total length in yards of the conductor 
(lead and return) for one volt drop when the current in each 
conductor is that given in Column 10. 

93. Column 12 gives the minimum insulation resistance with 
vulcanized rubber in mile-megohms. These insulation resist- 
ances correspond approximately Tiath those of " 300 megohm 
grade " cables having a specific insulation of 1 '4. 

94. Column 13 gives the minimum insulation resistance which 
is advisable in practice for fibre-covered cables lead -covered. 
The insulation resistance between the members of twin-con- 
ductors should be not lower than the corresponding insulation 
resistances in the table. 

9.5. Column 14 gives the resistance in Board of Trade ohms 
of the conductor per 1,000 yards. 

96. Column 15 gives the weight of copper conductors of the 
gauge given in lbs. per 1,000 yards. 

Definttions of Certain Terms used in Above Rules. 

97. Bunching of Conductors. — Conductoi*s are said to be 
bunched when more than one is contained within a single 
duct or groove. 

98. Dielectric. — A dielectric is any material which by its 
nature or the method of its application to a conductor per- 
manently otfers high resistance to the passage of curi'ent and 
of disruptive discharge through itself. 

99. Earthed Conductor. — A conductor is said to be earthed 
when it is metalHcally connected at one or more points to the 
general mass of the earth. 
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100. Linked Simtches. — Linked switches are single-pole 
switciies fixed on conductors of different polarity linked to- 
gether mechanically so as to operate simultaneously. 

101. Neviral Conductor. — The neutral conductor of a three- 
wire system is the conductor which is at a potential inter- 
mediate between the potentials of the outer conductors and is 
common to all consuming devices. 

102. Oiiter Conductor, -^Th.Q outer conductors of a three- 
wire system are those between which there is the greatest 
difference of potential. 

Note, — This speciaUzed use of the word " outer " must not 
be confused with the non-technical use of the word 
when applied to the conductor of a concentric main 
which physically surrounds the other conductor or 
conductors of such main. 

103. Single-pole Switches, — Single- pole switches are switches 
interrupting one conductor only of a circuit. 

104. Three-wire System. — A three- wire system is one in which 
three conductors are maintained at different potentials, the 
conductor at a potential intermediate between the highest and 
lowest being common to all lamps or other consuming devices 
suppUed from the system. 

105. Uninsulated Conductor, — A conductor is said to be 
uninsulated when, although not metaUically connected to 
earth, no provision is made by the interposition of a dielectric 
or otherwise for its insulation from earth. 



APPENDIX. 

The data for the resistances and weights of copper conductors 
are based on Matthiessen's standard as defined by the Committee 
on Copper Conductors in 1899, as follows : — 

" Copper weighs 555 lbs. per cubic foot at 60° F, Its 

specific gravity = 8''912. 
" Weight per mile in lbs. = 20,350 x area in square inches. 
"Weight per yard in lbs. = 11*5625 x area in square 

inches. 
" The temperature co-efl&cient = 0*00238 per degree Fahr., 
or 0*00428 per degree Cent. = 007664 between 32° F. 
and 60° F. 
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" A lay of twenty times the pitch diameter is adopted as a 
standard, and the resistance in parallel of the wires is taken as 
the resistance of the cable. 

" The resistance of annealed high conductivity commercial 
copper at 60° F. is— 

" Resistance per cubic inch — 0-00000066788 standard ohms 
" Resistance per cubic cm. — 0-00000169639 „ 

" Resistance of 100 inches 

weighing 100 grains — 0* 160158 „ „ 

" The resistance of hard-draum high conductivity commercial 
copper is : — 

" Resistance per cubic inch — 0-000000681 327standard ohms 
" Resistance per cubic cm. — 0-00000173054 
" Resistance of 100 inches 

weighing 100 grains— 0*153181 „ „ 

The above formulae give the standards, but a variation of 
2 per cent, in resistance or weight may be allowed for losses in 
manufacture. 
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